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ABSTRACT 
 
The core of research explored the relationship of two parts representing the urban cultural 
heritage and flood risk to protect cultural heritage from flood risk. Most researchers focus on 
cultural heritage part (World Heritage City) or urban flood part, not included two parts and 
agree on the fact that, in spite of the available knowledge about the cultural heritage and 
some good examples of cultural heritage conservation, the impact of flood in the urban 
planning process in practice is usually low. If this is so and consequently why this is so are 
two interesting questions, especially as the integration of flood risk and cultural heritage 
protection considerations into the planning process has been considered important for such a 
long time. Transferring data research into tools applicable for urban planning ought to be a 
great challenge for urban flood experts. Communication of results, a key factor for success, is 
a possible area in which urban flood have not succeeded, urban flood experts really know 
what the planners need in order to incorporate flood vulnerability factors in the urban 
planning process. 
This study present a tool name “Protect Cultural heritage” (PCH) from the flood risk that 
has proven a capacity of helping urban flood risk protection and to decision maker for 
planner to identify in a systematic way. The system is based on a Geographical Information 
System (GIS) platform in which the lessons and experience gained from interdisciplinary 
studies. The study presented in this research has three aims; 1) To classify the characteristic 
of morphology property types on cultural heritage sites; 2) To assess the community-based 
perceptions on flood risk and cultural heritage protection, the participation between various 
sectors; 3) To establish of plug in tool for supports planners and designer in developing 
satisfactory design for the integration of spatial information from community-based decision 
makers to protect cultural heritage site (CHS) from flood risk; 4) To applicability of plug in 
tool for support decision makers to protect cultural heritage from the flood risk. 
The study attempts to bring practitioners of cultural heritage together, experts and scholars to 
review literature researches and knowledge on the subject (Chapters 1 and 2). This offering 
as only representing a start, One is only getting there, and there is a long way to go. The 
analysis presented is applied on Ayutthaya Historical City, Thailand. To establish a support 
system for design solutions in the planning process and design phase, ways of adapting the 
city, sustainable developments lead to the city’s comprehensive sustainability plan and 
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decision maker of planning process in urban flood and cultural heritage protection(Chapters 3 
and 4).  
By explicitly describing the quantitative relationships of urban morphological property types 
on CHS and assess the flood impact of CHS vulnerabilities. The cultural heritage sites of 
Ayutthaya consist of 3different categories of urban morphology types (UMT) 
characterization schemes, each category distinguished by its 7 morphology properties factors 
that have a homogeneous to vulnerable of historical site. The vulnerability of 493 cultural 
heritage sites have been evaluated through conservation based on the approach conducted and 
the application of GIS techniques for identifying the disaster vulnerability areas. For this 
study, adapted approach was chosen because it allows to perform survey on the step of 
conservation. Moreover, the results of GIS can be verified with the field survey to deliver 
priorities of intervention based on the vulnerability of the CHS. As there were very limited 
damage sites data available on the occurrence of flood disaster, so from the field survey 
found 84 damage sites. Finally, some recommendations are given relate to the analysis of the 
impact of natural hazards on CHS to evaluate the risk factors which integrating hazard risk 
aspects of the characteristic of UMT on cultural heritage site. 
In chapter 5, research contributing to civil society of flood protection and cultural heritage by 
community-based to protect cultural heritage from the flood risk, the level of participation by 
community-based. The results of this research indicated that there are importance for both of 
participation of flood protection and perception of cultural heritage by community-based 
activity under flood disaster. The description of the relationships in activity and perception 
with the urban flood disaster, found two zones that are most important to analyses 
participation of flood protection and perception of cultural heritage sites, zone 3 the most 
likely relationship of local people in community and perception is cultural heritage, followed 
by zone 5, This chapter expands social understanding of the conservation of cultural heritage 
sites should still focus on the cooperative tasks in order to enhance people's awareness of 
historical preservation of common CHS. The participation should be effective but flexible 
enough to offer alternatives for the management of CHS and to encourage the local people to 
participate in the process. 
A research Chapter 6 illustrates the procedure for development of plug in tool for protect 
cultural heritage (PCH) from flood risk in Sketch Up that supports planner and designers in 
developing satisfactory design solutions in the conceptual design integrated with urban 
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management and local neighborhood. As well as, the results of plug in tool use the mapping 
for protect cultural heritage from flood risk.  
To support decision maker and planner to identify more policies necessary for better living 
safety and awareness, protection of cultural heritage. 
A holistic view based on integrated flood risk assessment and cultural methods for establish a 
plug in tool for the integration of spatial information from decision maker of flood risk and 
cultural heritage planning for multi-scale spatial planning is further offered in Chapter 7. This 
research chapter focuses on the presents and ideal tools or integrated with spatial information 
for support decision maker on urban flood and cultural heritage in the previous chapters. This 
integration will integrate urban flood risk and urban cultural heritage protection to evaluate 
the relative urban morphology classification benefits of alternative development approaches 
in a city ranging from the building scale to the local neighbourhood to city settlement level. It 
summarizes the relationship between morphology and flood risk, particularly in the flood 
mitigation arena and to presents a framework that illustrate how integrated tools are already 
being proposed in Ayutthaya Historical City (AHC) as part of the urban planning and urban 
design process. This chapter shall present an idea to overcome investigate safety and security 
of their local areas, and draw up the results in to map for decision making sharing of 
information transfer of powerful experience and architectural style appropriate to live safely 
from the current to the future. In Chapter 8 The results for applicability are successful can 
support decision making to protect cultural heritage from the flood risk by decision makers 
have perception and increase more than didn't use plug in tool. The results of 3D Flood 
protection applied to explain the result or design details in language which is easily 
understood by decision makers or users applied to the improved circumstances. The 
outcomes from PCH plug in tool can contribute decision making in neighbourhood scale and 
in building scale. Suggestion from users training of PCH plug in tool should to have PCH 
manual in the future. Contributions in this chapter, to encourage training to use PCH plug in 
tool, greater interest in local safety and security, as well as sharing of information for support 
decision makers on cultural heritage distributions. 
Finally, the conclusion of dissertation is drawn into Chapter 9 as the last chapter, ongoing 
work to improve the approach includes; the goal is generate Urban Flood and Cultural 
Heritage Protection for two ways communication system are analyzed together inside the 
SketchUp tools. Then planner and designer can analyze expected flood risk areas and make 
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changes in urban flood protection of cultural heritage sites and building, include layout of 
design. Meanwhile, architectural style, the space under the building or pillar house will be 
integrated with the inhabitant data and land use, protect cultural heritage from flood risk and 
3D building.  
The integration of urban management tools with local neighborhood tools is a complex 
endeavour but one with a promising future. This integration will integrate into urban flood as 
a part of the urban planning and design process will be created to data to support decision 
makers for planning. 
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CHAPTER 1 
INTRODUCTION 
 
1.1 BACKGROUND 
 
In the past, catastrophic damage to life and property are many. Urban floods are increasing 
worldwide and are likely to become even more damaging in future due to climate change 
[Munich, Re., 2009, The World Bank, 2011, Geo Risks Research, 2012].  As these evolving 
opportunities unfold, we have seen death and destruction due to disasters, strongly suggesting 
that the problems for which the assistance programs have been developed, there are still not 
very effective, at least in the short run. We have seen deaths, injuries, social trauma and 
economic disruptions; and the general interruption of life continue unabated. This is 
applicable not only to developing countries, but also to developed countries like Japan (Kobe 
earthquake), USA (Hurricane Katrina) and Europe (Floods). Disaster risk is a function of the 
hazard and vulnerability. Hazards are mostly natural events, which range from geological and 
hydrological to meteorological [Chaweewan et al., 2009].  
 
Thailand is regarded as highly vulnerable to natural disasters caused by hydro-meteorological 
phenomena (floods, landslides, storms, droughts, etc.), shown Thailand Disaster Statistics, 
Natural Disaster from 1980 – 2010 (see figure 1.3). Disaster had deteriorating by natural 
disasters and urban flood studies in the city or cultural heritage sites(CHS) its corresponding 
issues including the mitigation methods have become the main research topics in the area of 
urban flood. Prediction models such as impact mitigation strategies, physical vulnerability, 
social vulnerability, improved physical protection and priority of cultural heritage protection 
as a result. With the current issue of sustainable urban development, urban flood experts, 
urban planners, urban architects and architects are beginning to look into different aspects of 
urban cultural heritage and incorporate them as the planning parameters. However, it is rather 
difficult for the planners to attempt to plan without engaging the urban flood experts. 
Engaging urban planners, urban architects, architects and various sectors to conduct 
assessments and provide feedback has helped inform urban planning efforts, but to date the 
planning process has been largely decoupled from the impact assessment, analysis and 
communication process. Urban flood experts need to improve communication with the urban 
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planners, urban architects, architects and engineers [Herk, 2011], they proposed a conceptual 
method that puts support system for community-based of knowledge at the center of planning 
decision process [Gohnai et al., 2006].  
 
 
Figure 1.1 Natural Catastrophes 2011 World map [Source: Münchener Rückversicherungs-
Gesellschaft, Geo Risks Research, NatCatSERVICE, 2012]. 
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 Figure 1.2 Lack of Communication System between Urban Flood Experts and Urban 
Planners, Urban Architects, Architects and Engineers [Source: Author]. 
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Figure 1.3 Thailand Disaster Statistics; [Source: by PreventionWeb, 2013]. 
 
1.2 PROBLEM STATEMENT 
 
Most researchers focus on cultural heritage part (World Heritage City) or urban flood part, 
not included two parts and agree on the fact that, in spite of the available knowledge about 
the cultural heritage and some good examples of cultural heritage conservation, the impact of 
flood in the urban planning process in practice is usually low. If this is so and consequently 
why this is so are two interesting questions, especially as the integration of cultural heritage 
and flood protection considerations into the planning process has been considered important 
for such a long time. Transferring data research into tools applicable for urban planning ought 
to be a great challenge for urban flood experts. Communication of results, a key factor for 
success, is a possible area in which urban flood have not succeeded, urban flood experts 
really know what the planners need in order to incorporate flood vulnerability factors in the 
urban planning process. 
 
This study, the protect cultural heritage (PCH) from the flood risk for urban cultural heritage 
and community safety, classification system was produced and could advance these issues 
because it offers a basic package of urban flood protection and cultural heritage protection 
(see figure 1.4) for urban flood experts, planners, architects, engineers and various sectors. 
The mapping conveys these principles through mapping scales (urban, local neighbourhood) 
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and design mapping elements (e.g., flood risk protection, CHS and community safety) that 
are relevant to the many cognate disciplines of various sectors. The PCH plug in tool could 
also support well-established planning projects such as protect cultural heritage from the 
flood risk. Thus, the aim to develop the mapping classification of urban and local 
neighbourhood that applies universally and relatively easily to studies using mapping. To 
decision maker and planner to identify more precise optimum evacuation policies necessary 
for better living safety and awareness, protection of CHS. 
 
 
 
Figures 1.4 Protect Cultural Heritage from the Flood Risk [Source: Author, 2013]. 
 
 
1.3 OBJECTIVES OF THE STUDY 
 
The ultimate aim of this study is to develop a new communication system framework to 
analyze is mainly focused on the result of analysis the possible physical impact of flood 
disaster and assessing the flood impacts and the urban cultural heritage vulnerability. In this 
stage, two approaches are presented including the indicated that there are importance for both 
the composition and configuration of possible physical impact of flood disaster and field 
survey. The results can provide for understand which the physical vulnerability factors, type 
of damage, the damage and degree of risks at the site and the cultural heritage values are 
ranked as high. Due to the reason that the provision of physical vulnerability, after studied 
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physical vulnerability. Consequently, this study social vulnerability attempts to quantify 
perceptions of flood protection and cultural heritage, the participation between various 
sectors. To find a zone or neighborhood is involved with the participation in preventing 
flooding. To applies and relatively easily, provide in strategic planning of impact mitigation 
measures with mapping process. 
 
The mapping process by community-based and the participation between various sectors, 
focus on the integrated with spatial information for support decision maker on cultural 
heritage. This integration shall present an idea to overcome investigate safety and security of 
their urban and local neighborhood. 
 
The study presented in this research has several aims: 
 
 To classify the characteristic of morphology property types on cultural heritage sites. 
 
 To assess the community-based perceptions on flood risk and cultural heritage protection, 
the participation between various sectors 
 
 To establish of plug in tool for supports planners and designer in developing satisfactory 
design for the integration of spatial information from community-based decision makers to 
protect cultural heritage from flood risk.  
 
 To applicability of plug in tool for support decision makers to protect cultural heritage 
from the flood risk 
 
 
1.4 SCOPE OF THE STUDY 
 
This study considers only the primary data from a field survey of the flood impacts and the 
cultural heritage vulnerabilities and questionnaire survey and the secondary data only the 
distribution of cultural heritage around Ayutthaya Historical City coordinated by the Global 
Positioning System (GPS) location information.  
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The economic damage data will be not included for this study. According to the objective of 
study is to disaster risk management of cultural heritage in Ayutthaya city. The most 
important area which has the best physical and atmosphere is (1) the Nucleus Zone, while (2) 
is an area with less importance in the City Island and the other four of six areas are buffer 
zone outside the city island. This study carried out through field survey of the flood impacts 
and the cultural heritage vulnerabilities survey in all six zones in Ayutthaya City. The 
selection is based on different damage sites, for the remaining some cultural heritage damage 
assessment was carried out considering the limitations of the cultural heritage survey of 
damage, and some cultural heritage were assigned to undertake renovation. 
 
The questionnaire survey in all six zones in Ayutthaya City, the selection is based on the 
community around the cultural heritage to participation of flood protection. To find a 
community or neighborhood is involved with the successful and unsuccessful in preventing 
flooding. Therefore, not only the physical vulnerability, civil society that integrated by 
mapping with spatial information for support decision makers on cultural heritage. 
 
1.5 RESEARCH CONTRIBUTION 
 
The integration of urban planning procedure for development of a plug in tool for 
community-based protect cultural heritage from flood risk integrated with urban management 
and local neighbourhood focuses on the integrated with spatial information for support 
decision maker on cultural heritage and community evacuation. The results were into two 
approaches are presented including an urban scale and local neighbourhood scale were 
mapping of cultural heritage distributions damage and community evacuation. The results 
were into two scales (urban scale and local neighbourhood scale). To decision maker and 
planner to identify more precise optimum evacuation policies necessary for better living 
safety and awareness, protection of cultural heritage from flood risk. 
 
This research is design to answer the following key questions; 
 
 What are the importance physical vulnerability factors by floods that affect cultural 
heritage in a city? 
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 What is the community or neighborhood is involved with the successful and unsuccessful 
in preventing flooding? 
 
 Which countermeasures for urban flood mitigation offer the efficiency to improve the 
mapping by community-based and safety areas. 
 
1.6 DISSERTATION OUTLINES 
 
This dissertation consists of seven chapters as shown in Figure1.5. It begins with the Chapter 
1. This chapter aims to explain the background of the study together with problem statement 
of research. Moreover, the objective and the scope of study are also explained in this chapter. 
Following by Chapter 2, the reviews of literatures related to this dissertation is illustrated 
and the point that lack of consideration from other studies is given details. As well as it 
describes the framework of analysis and the role of the method to the quantification public 
opinion and method to integrate the analysis. The integrations are fulfilled by the study of 
Chapter 4, Chapter 5, Chapter 6, Chapter 7 and Chapter 8, respectively. 
 
Chapter 3 aims to explain the study process of research and the framework of integrated 
disaster risk management of cultural heritage. This chapter is also described the step of study 
that comprise of two parts, including flood risk study and urban cultural heritage. The steps 
of study are described into two assessment scales, including urban and local neighborhood 
assessments. The framework of integrated urban flood risk of urban cultural heritage to 
mitigate and adapt spatial planning is introduced in this chapter. The last part of this chapter 
is illustrated the integrated on the results of experimental study. Some findings are useful to 
be discussed for the other chapters. 
 
Chapter 4 is mainly focused on the result of analysis the possible physical impact of flood 
disaster and assessing the flood impacts and the urban cultural heritage vulnerability. In this 
stage, two approaches are presented including the indicated that there are importance for both 
the composition and configuration of possible physical impact of flood disaster and field 
survey. The purpose of this chapter is to number of possible damaged sites and assessing the 
flood impacts and the urban cultural heritage vulnerability. Moreover, the results can provide 
for urban planners, urban architect, and architects to understand which the disaster 
vulnerability factors, type of damage, the degree of risks at the site and the cultural heritage 
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values are ranked as high. These two factors are employed as indicators for setting the 
priorities of cultural heritage conservation. 
 
Chapter 5 clarifies the concept to civil society of flood protection and cultural heritage by 
community-based, protection of cultural heritage from flood risk, the level of participation by 
community-based. This study attempts to quantify perceptions of flood protection and 
cultural heritage, the participation between various sectors. To find a community or 
neighborhood is involved with the successful and unsuccessful in preventing flooding. To 
applies and relatively easily, provide in strategic planning of impact mitigation measures with 
the consistency of the process of participation from the civil society and community-based. 
 
Chapter 6 illustrates the procedure for develop of a plug in tool to protect cultural heritage 
(PCH) from the flood risk in Sketch Up that supports planner and designers in developing 
satisfactory design solutions in the conceptual design integrated with urban management and 
local neighborhood. As well as the outline of the plug in tool, the results of system use for 
flood risk protection, urban cultural heritage and community safety. In this stage, two 
approaches are presented including an urban management and local neighborhood were 
mapping of cultural heritage distributions damage and community map making. To support 
decision maker and planner to identify more policies necessary for better living safety and 
awareness, protection of cultural heritage. A holistic view based on integrated flood risk 
assessment and cultural methods for establish a support system for the integration of spatial 
information from decision maker of flood risk and cultural heritage planning for multi-scale 
spatial planning 
 
Chapter 7 focuses on the integrated with spatial information for support decision maker on 
cultural heritage in the previous chapters. This integration will integrate urban flood and 
urban cultural heritage as part of the urban planning and urban design process. This chapter 
shall present an idea to overcome investigate safety and security of their local areas, and draw 
up the results in to map, sharing of information transfer of powerful experience and 
architectural style appropriate to live safely from the current to the future. 
 
Chapter 8 focuses on the applicability of plug in tool for support decision makers to protect 
cultural heritage from flood risk. As a property of this plug in tool, BEFORE and AFTER use 
the PCH plug in tool training. Based on its potential have set up the following. (I) Decision 
9 
 
makers or users of plug in tool with experience of using the SketchUp program BEFORE the 
training would effectively use the plug in tool DURING the training. Because of this, there is 
some possibility of substantial planning. (II) If the decision makers or users use plug in tool 
AFTER the training, it would be possible to consider the measures. Using these 
considerations, there could be a possibility of planning more effective measures. 
 
Finally, the conclusion of dissertation is drawn into Chapter 9 as the last chapter. 
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Figure 1.5 The Chapter Structure of the Dissertation [Source: Author, 2013]. 
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CHAPTER 2 
LITERATURE REVIEWS 
 
This chapter intends to review previous studies related with this research together with the 
experiences of urban flood assessment on cultural heritage studies in developing countries. 
The reviews of literatures related to this dissertation is illustrated and the point that lack of 
consideration from other studies is given details. As well as it describes the framework of 
analysis and the role of the method to the quantification public opinion and method to 
integrate the analysis. The integrations are fulfilled by the study of Chapter 4, Chapter 5, 
Chapter 6, Chapter 7, Chapter 8 and Chapter 9, respectively. 
 
2.1 VULNERABILITY 
 
2.1.1 Defining Vulnerability 
 
General definitions of vulnerability and related terms are as follows [Birkmann, 2006, Cee va 
Westen, 2009]. 
Vulnerability = Exposure + Resistance + Resilience 
Exposure: at risk property and population; 
Resistance: measures taken to prevent, avoid or reduce damage; 
Resilience: capability to recover prior situation or achieve desired post-disaster 
situation. 
Vulnerability is a human condition or process resulting from physical, social, economic and 
environmental factors, which determine the possibility and scale of damage from the impact 
of a given hazard [UNDP, 2004]. As a consequence, it is dynamic and is a result of many 
interconnected factors. The intrinsic and dynamic feature of an element at risk that 
determines the expected damage resulting from a given hazardous event and is often even 
affected by the damaging event itself. Vulnerability changes continuously over time by 
physical, social, economic and environmental factors. This context defines physical 
vulnerability as the vulnerability of the physical environment; social vulnerability as the 
outcome experienced by people and their social, economic, and political systems; and human 
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vulnerability as the combination of physical and social vulnerability. Risk is also depends on 
the characteristics of person or groups an incompetence to avoid or absorb potential harms 
[Villagran de leon, 2006, Pelling  M, 2003] as well as the conditions define by physical, 
social, economic and environmental factors or processes, which increase the susceptibility of 
a community to the impact of hazards [UN-ISDR, 2004]. Risk is also depends on the 
characteristics of a person or group in terms of their capacity to anticipate, cope with, resist 
and recover from impacts of a hazard. The degree of damage to a given element at risk or set 
of elements at risk resulting from the incident of a natural phenomenon of a given magnitude 
can be expressed on a scale from 0 (no damage) to 1 (total damage). In conclusion, 
vulnerability is the potential to suffer harm or loss, related to the capacity to anticipate a 
hazard, cope with it, resist it and recover from its impact. Additionally both vulnerability and 
its antithesis, resilience, are determined by physical, environmental, social, economic, 
cultural and institutional factors) [Blaikie P et al, 1994]. 
 
Figures 2.1 Key Spheres of the Concept of Vulnerability [Source: Birkmann, 2006].  
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2.2 ASSESSMENT IMPACTS AND PHYSICAL VULNERABILITY 
MEASURING 
 
Measuring physical vulnerability is increasingly seen as an effective step towards risk 
reduction and the promotion of a culture of disaster resilience [Kasperson et.,al , 2005, 
Wittaya Daungthima and Kazunori Hokao, 2013]. Also the Hyogo Framework for Action 
stresses the need to develop indicators of vulnerability as a key activity, and underlines the 
fact that the impacts of disasters on social, economic and environmental conditions must be 
examined through such indicators. Since vulnerability is, multi-dimensional, dynamic in time, 
scale-dependent and site-specific, different indicators are selected in the different 
vulnerability assessments studies. In the text below a number of methods are presented, 
concentrate here on methods used for measuring physical and social vulnerability. 
 
2.2.1 PHYSICAL VULNERABILITY ASSESSMENT METHOD 
 
Physical vulnerability refers to the potential for physical impact on the built environment and 
population. This aspect is relatively “easily” quantified because it depends directly on the 
physical impact of a hazard event and relates to the characteristics of the element at risk and 
the intensity and magnitude of the hazard [Kasperson, 2005]. 
 
Figures 2.2 Overview of Method Used for Measuring Physical Vulnerability [Source: 
BRGM, 2005]. 
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2.3 DETERMINANTS OF THE FLOOD RISK 
 
The study determines factors of flood risk by adapting from components of disaster risk, 
which refers to Shook, wrote about risk of disaster it determinants by hazard, vulnerability 
and manageability. Flood risk is the possibility of losses, in life assets and other consequence 
that impact on human society. Moreover, Saltbones refers that components which influence 
the amount of risk, include exposure, hazard, vulnerability and manageability [Blaikie P et al, 
1994, BRGM, 2005]. The determinants of the flood risk are determined not only by 
vulnerability but also by characteristic and coping capacity to exposing with flood. Therefore, 
the risk of flood is based on three crucial elements in which its relationship is shown in figure 
2.2. 
 
 
Figures 2.3 The Formal of Flood Risk [Source: Adapted from Shook; 1997, Saltbones; 2006, 
Mongkonkerd, 2013]. 
 
 
2.3.1 PHYSICAL VULNERABILITY 
 
The concept of vulnerability entered the risk scene. Protection was defined not only 
according to the physical protection systems built, but also according to the people’s behavior. 
This inclusion of people’s behavior led to the design and use of early warning systems and 
educational programs about hazards and how to protect against them. This paradigm lasted 
for a couple of decades and was even used during the Yokohama Strategy and Plan of Action 
for a Safer World (1994), where all the efforts were aimed towards increasing our scientific 
knowledge about the causes and consequences of natural hazards and facilitate its wider 
application to reducing vulnerability of disaster-prone communities. This perspective 
included overall development, attacking root causes, and capacity building. [Cess van Westen. 
et al., 2009]. 
 
2.3.2 CHARACTERISTIC 
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Characteristic refers to natural disaster occurrence, frequency of damage, duration and 
maximum water level [Shook; 1997, Saltbones; 2006] 
 
2.3.3 COPING CAPACITY 
 
Coping capacity is the ability of people in community by using available skills and resources 
to face and manage flood. The capacity to cope requires continuing awareness, resources and 
good management, both in normal times as well as during crises or adverse conditions 
[UNISDR; 2009]. 
 
Capacity is a combination of all strength and resources available within a community or 
organization that can reduce the level of risk, or the effect of a disaster. It may include 
physical, institutional, social or economic means as well as skilled personal or collective 
attributes such as leadership and management. Capacity may also be described as capability. 
[UN-ISDR, 2004] 
 
 
Figure 2.4 (a) The Components of Flood Risk (b) The Reduction of Flood Risk. [Wittaya 
Daungthima and Kazunori Hokao., 2013] 
 
2.4 THE HAZARD OF PLACE MODEL 
 
Risk (an objective measure of the likelihood of a hazard event) interacts with Mitigation 
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(measures to lessen risks or reduce their impact) to produce the hazard potential. [Cutter, 
2003]. 
 
 
Figure 2.5 The Hazard of Place Model of Vulnerability [Source: Cutter, 2003] 
 
2.5 CULTURAL THEORY 
 
Culture is based on the uniquely human capacity to classify experiences, encode such 
classifications symbolically, and teach such abstractions to others. It is usually acquired 
through enculturation, the process through which an older generation induces and compels a 
younger generation to reproduce the established lifestyle. Consequently, culture is embedded 
in a person's way of life1, i.e. the “way of life” is a central idea in and it derives from Mary 
Douglas’s theory of group and grid (1978). Originally, she developed the theory as a neutral 
instrument where the morphology of societies could be compared irrespectively of their 
existence in time and space [Boholm, 1996]. Douglas made a distinction between cultural 
bias, defined as ‘shared values and beliefs’ on the one hand, and social relations, defined as 
‘patterns of interpersonal relations’, on the other. According to Thompson et al. (1990: I), 
‘way of life’ was defined as “a combination of social relation and cultural bias”. Cultural 
theory is a general sociological theory. It is constructed according to tenets of positivistic 
reasoning, by way of deduction from a limited number of basic axioms, regarding human 
social beings and their interaction [Boholm, 1996]. Cultural theory aims at explaining how 
people perceive and act upon the world around them. More specifically the theory claims that 
this is largely determined by social aspects and cultural adherence. The basis of cultural 
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theory is Douglas’ grid-group typology [Douglas, 1978; Thompson et al., 1990]. According 
to Douglas, variation in social participation can be adequately accounted for by the dynamics 
between the two dimensions group and grid. [Rundmo, 2004]. 
 
2.5.1 CULTURAL HERITAGE 
 
Cultural heritage is always in the limelight of UNESCO and many authors have tried to 
define the terminology.  Many use the terms “Culture” and “Heritage” interchangeably. 
Hooper-Greenhill stated that culture is something that can be acquired, and acquired 
differently [Hooper-Greenhil, 2000].
 The point was repeated in Linda Young’s speech at 
ICOMOS Australia Annual Conference 2003 when she said heritage literacy was often 
assumed but it had to be learned [Russell Staiff, 2004]. 
 
However, nobody has ever mentioned 
the limiting age when a person can learn and fully internalize a foreign culture apart from 
one’s own. 
 
Culture is the pursuit of the spiritual rather than the material. It is generative and 
constructivist as opposed to reflective. It constructs society, through the images it creates. She 
quoted Raymond William’s in her book on four contemporary uses of the concept “culture”. 
[Hooper-Greenwill, 2000] They are:  
1.  A general process of intellectual, spiritual and aesthetic development. This concept 
assumed that culture is something that can be acquired and that culture is a training in 
discrimination and appreciation. 
 
2.  The works and practices of intellectual and especially artistic activities. Here, culture is 
made up of specific products such as paintings, sculpture, music, literature. This is the 
traditional and the dominant view of culture in the west today. Culture from this perspective 
is a way of describing supposedly universal standards of beauty and value. 
 
3.  A particular way of life, whether of a people, a period or a group. Culture in this context 
describes ways of life of groups, subcultures, or ethnicities and not of an individual. 
 
4. The signifying system through which necessarily a social order is communicated, 
reproduced, experienced and explored.
 
Culture is not a separate domain of high quality 
people and artifacts but as a dimension of all institutions. It is a set of material practices, 
which in their performance construct meanings, values and subjectivities. 
18 
 
2.6 DECISION MAKING PROCESS 
“Decision making is the study of identifying and choosing alternatives based on the values 
and preferences of the decision maker. Making a decision implies that there are alternative 
choices to be considered, and in such a case we want not only to identify as many of these 
alternatives as possible but to choose the one that best fits with our goals, objectives, desires, 
values, and so on.” [Harris, 1980]. 
 
According to Baker et al., 2001, decision making should start with the identification of the 
decision maker and stakeholder in the decision, reducing the possible disagreement about 
problem definition, requirements, goals and criteria. Then, a general decision making process 
can be divided into the following steps: 
 
Step 1 Define the problem 
This process must, as a minimum, identify root causes, limiting assumptions, system and 
organizational boundaries and interfaces, and any stakeholder issues. The goal is to express 
the issue in a clear, one-sentence problem statement that describes both the initial conditions 
and the desired conditions. Of course, the one-sentence limit is often exceeded in the practice 
in case of complex decision problems. The problem statement must however be a concise and 
unambiguous written material agreed by all decision makers and stakeholders. Even if it can 
be sometimes a long iterative process to come to such an agreement, it is a crucial and 
necessary point before proceeding to the next step. 
 
Step 2 Determine requirements 
Requirements are conditions that any acceptable solution to the problem must meet. 
Requirements spell out what the solution to the problem must do. In mathematical form, these 
requirements are the constraints describing the set of the feasible (admissible) solutions of the 
decision problem. It is very important that even if subjective or judgmental evaluations may 
occur in the following steps, the requirements must be stated in exact quantitative form, i.e. 
for any possible solution it has to be decided unambiguously whether it meets the 
requirements or not. We can prevent the ensuing debates by putting down the requirements 
and how to check them in a written material. 
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Step 3 Establish goals 
Goals are broad statements of intent and desirable programmatic values. Goals go beyond the 
minimum essential must have’s (i.e. requirements) to wants and desires. In mathematical 
form, the goals are objectives contrary to the requirements that are constraints. The goals may 
be conflicting but this is a natural concomitant of practical decision situations. 
 
Step 4 Identify alternatives 
Alternatives offer different approaches for changing the initial condition into the desired 
condition. Be it an existing one or only constructed in mind, any alternative must meet the 
requirements. If the number of the possible alternatives is finite, we can check one by one if it 
meets the requirements. The infeasible ones must be deleted (screened out) from the further 
consideration, and we obtain the explicit list of the alternatives. If the number of the possible 
alternatives is infinite, the set of alternatives is considered as the set of the solutions fulfilling 
the constraints in the mathematical form of the requirements. 
 
Step 5 Define criteria 
Decision criteria, which will discriminate among alternatives, must be based on the goals. It 
is necessary to define discriminating criteria as objective measures of the goals to measure 
how well each alternative achieves the goals. Since the goals will be represented in the form 
of criteria, every goal must generate at least one criterion but complex goals may be 
represented only by several criteria. 
 
It can be helpful to group together criteria into a series of sets that relate to separate and 
distinguishable components of the overall objective for the decision. This is particularly 
helpful if the emerging decision structure contains a relatively large number of criteria. 
Grouping criteria can help the process of checking whether the set of criteria selected is 
appropriate to the problem, can ease the process of calculating criteria weights in some 
methods, and can facilitate the emergence of higher level views of the issues. It is a usual 
way to arrange the groups of criteria, sub criteria, and sub-sub criteria in a tree-structure [UK 
DTLR, 2001]. 
 
Step 6 Select a decision making tool 
There are several tools for solving a decision problem. Some of them will be briefly 
described here, and references of further readings will also be proposed. The selection of an 
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appropriate tool is not an easy task and depends on the concrete decision problem, as well as 
on the objectives of the decision makers. Sometimes the simpler the method, the better but 
complex decision problems may require complex methods, as well. 
 
Step 7 Evaluate alternatives against criteria 
Every correct method for decision making needs, as input data, the evaluation of the 
alternatives against the criteria. Depending on the criterion, the assessment may be objective 
(factual), with respect to some commonly shared and understood scale of measurement (e.g. 
money) or can be subjective (judgmental), reflecting the subjective assessment of the 
evaluator. After the evaluations the selected decision making tool can be applied to rank the 
alternatives or to choose a subset of the most promising alternatives. 
 
Step 8 Validate solutions against problem statement 
The alternatives selected by the applied decision making tools have always to be validated 
against the requirements and goals of the decision problem. It may happen that the decision 
making tool was misapplied. In complex problems the selected alternatives may also call the 
attention of the decision makers. 
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Figure 2.6 The Decision-Making Process [Source: Adapted from Renn, Ortwin, 1993. Baker et al, 
2001] 
Flood Risk; Decision making processes in urban flood risk development seem unstructured 
as policies are not set at a certain moment by a certain actor (Healey, 1998; De Bruijn and 
Heuvelhof, 1999). Kingdon (1984). (Teisman, 2000). Following the stream model, a 
Learning and Action Alliances(LAA) for the integration of flood risk management into urban 
planning (Sebastiaan van Herk et al., 2013) is to be organised to: 
(1) Analyse and address problems; 
(2) Develop and propose solutions; and 
(3) Influence politics by seeking political commitment or bringing participants together. 
 
 
Figure 2.7 Interactive LAA Activities Contributing to Collaborative Planning Via 3 Threads (Facts, 
Images, Ambitions) and 3streams (Problem, Solution, Participants and Politics) [Source: Sebastiaan 
van Herk et al.,2013]. 
 
Cultural Heritage; Conservation works require data availability for proper exploitation and 
management that can facilitate the decision making process. An integrated methodology for 
decision making incorporates the following tasks: documentation, monitoring, inspection, 
diagnosis, intervention study, intervention works, and intervention works assessment [A. 
Moropoulou, et al., 2003. Anastasia Kioussiet al., 2013. T. Togkalidou, et al., 2003. 
Moropoulou, et al., 20132003. Anastasia Kioussiet al., 2013].  
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Figure 2.8 Knowledge Based Decision Making Procedures [Source: Anastasia Kioussiet et al., 2013]. 
 
Figure 2.9 Summary of Decision-Making Process Protect Cultural Heritage from the Flood Risk 
[Source: Author, 2013]. 
 
In this study, decision making process in 3 steps should start with the define the problem and 
identify alternatives that will solve the problem, develop assessing criteria based on the 
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problem and select a decision-making tool and develop and apply the tool to select a 
preferred alternative and check the answer to make sure it solves the problem. 
 
 
Figure 2.10 Decision-Making Process 3 Steps [Source: Author, 2013]. 
 
2.7 GEOGRAPHIC INFORMATION SYSTEM (GIS) 
 
Spatial multi-criteria decision analysis can be thought of as a process that combines and 
transforms geographic data (input) into a resultant decision (output). The MCDM procedures 
(or decision rule) define a relationship between the input maps and the output map. The 
procedures involve the utilization of geographical data, the decision maker’s preferences, and 
the manipulation of the data and preferences according to specified decision rules. They 
aggregate multidimensional geographical data and information into unidimensional values of 
alternative decisions. The criteria aspect of spatial multi-criteria analysis is that it involves 
evaluation of geographical events based on the criterion values and the decision maker’s 
preferences with respect to a set of evaluation criteria. This implies that the results of the 
analysis depend not only on the geographical distribution of events (attributes) but also on the 
value judgments involved in the decision-making process. Geographic information systems 
(GIS) have emerged as useful computer-based tools for spatial description and manipulation. 
 
2.7.1 GIS-BASED SPATIAL MULTI-CRITERIA SUPPORTING 
DECISION MAKING PROCESS 
 
Spatial multi-criteria decision problems typically involve a set of geographically-defined 
alternatives (events) from which a choice of one or more alternatives is made with respect to 
a given set of evaluation criteria [Jankowski, 1995; Malczewski, 1996]. Spatial multi-criteria 
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analysis is vastly different from conventional MCDM techniques due to inclusion of an 
explicit geographic component. In contrast to conventional MCDM analysis, spatial multi-
criteria analysis requires information on criterion values and the geographical locations of 
alternatives in addition to the decision makers’ preferences with respect to a set of evaluation 
criteria. This means analysis results depend not only on the geographical distribution of 
attributes, but also on the value judgments involved in the decision making process. 
Therefore, two considerations are of paramount importance for spatial multi-criteria decision 
analysis: (1) the GIS component (e.g., data acquisition, storage, retrieval, manipulation, and 
analysis capability); and (2) the MCDM analysis component (e.g., aggregation of spatial data 
and decision makers’ preferences into discrete decision alternatives) [Carver, 1991; 
Jankowski, 1995].  
 
Decision-making is a process. It involves a sequence of activities that starts with decision 
problem recognition and ends with recommendations. A weight can be defined as a value 
assigned to an evaluation criterion, which indicates its importance relative to other criteria 
under consideration. Assigning weights of importance to evaluation criteria accounts for (i) 
the changes in the range of variation for each evaluation criterion, and (ii) the different 
degrees of importance being attached to these ranges of variation [Kirkwood, 1997]. There 
are four different techniques when assigning the weights: Ranking, Rating, Pairwise 
Comparison and Trade of Analysis Methods. 
The criterion map layers and weightings must be integrated to provide an overall assessment. 
This is accomplished by an appropriate decision rule or aggregation function [Chankong and 
Haimes, 1983]. Since a decision rule provides an ordering of all alternatives according to 
their performance with respect to the set of evaluation criteria, the decision problem depends 
on the selection of best outcome [Chaweewan et al., 2009]. 
 
2.8 CIVIL SOCIETY AND COMMUNITY BASED 
 
2.8.1 A BRIEF HISTORY AND CONCEPT 
 
The concept of civil society can most often be attributed to Alexis de Tocqueville in 
Democracy in America 1835, when he described the “art of association” to describe 
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American propensity for civil association to counter the conundrum of modern democracy, 
which is intensely individualistic [Edwards, 2009; Fukuyama, 2001, Wendy, et al., 2012].  
 
In other parts of the world, such as France during the French Revolution, civil associations 
were important to give the weak a stronger voice against the minority political elite 
[Fukuyama, 2001]. Yet the rise of civil society as more than an associational concept can be 
traced to the more recent failure of both the state model of welfare and centralized planning 
from 1945 to the mid-1970, and the failure of market-based Reaganomics and structural 
adjustment programs from the 1970 to early 1990. The new approach was framed as “new 
localism”, “the third way” or “compassionate conservatism” and functioned on the idea of a 
three way partnership involving the state, market and civic spheres [Edwards, 2009; Seligman, 
1992]. The fall of the Berlin Wall in 1989 was a rallying cry for the progression of a new type 
of civil society, based on popular democracy, and began the trend in many parts of Eastern 
Europe [Edwards, 2009; Howard, 2003]. Although civil society has long held tradition in 
both Central America and Africa, many formal movements gained significant popularity at 
the beginning of the 1990s as well [Escobar & Alvarez, 1992; Fox & Hernandez, 1992; 
Hassan, 2009]. 
 
2.8.2 DEFINING AND ASSESSING CIVIL SOCIETY 
 
Civil society is located at the cross over between the state, the family and the market. It is a 
fluid concept with many definitions and indicators and, as such, establishing clear rules for 
what entities and actions represent civil society is a difficult task [Angeles & Gurstein, 2007; 
Manor et al., 1999]. Civil society roles and associations vary extensively across cultures and 
regions, making the postulation of universally applicable boundaries an untidy task, and 
making clear operational guidelines for context-specific boundary setting essential [Manor et 
al., 1999]. 
 
2.9 URBAN MORPHOLOGY 
 
Urban morphology is the study of the form of human settlements and the process of their 
formation and transformation. The study seeks to understand the spatial structure and 
character of a metropolitan area, city, town or village by examining the patterns of its 
component parts and the process of its development. This can involve the analysis of physical 
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structures at different scales as well as patterns of movement, land use, ownership or control 
and occupation. Analysis of specific settlements is usually undertaken using cartographic 
sources and the process of development is deduced from comparison of historic maps. 
Special attention is given to how the physical form of a city changes over time and to how 
different cities compare to each other. Another significant part of this subfield deals with the 
study of the social forms which are expressed in the physical layout of a city, and, conversely, 
how physical form produces or reproduces various social forms. Urban structural type or 
urban morphology unit and types (UMTs) are the product of past and present human land use 
activities and can be distinguished by their characteristic pattern of built and open space 
[Pauleit & Duhme, 2000]. The underlying assumption is that UMTs have characteristic 
physical features and are distinctive according to the human activities that they accommodate 
[Gill et al.2008, Jurgen H. Breuste, 2011]. 
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CHAPTER 3 
 
FRAMEWORK OF INTEGRATED URBAN FLOOD RISK  
AND CULTURAL HERITAGE PROTECTION 
 
This thesis presents a tool named “Protect Cultural heritage” (PCH) from the flood risk that 
has proven a capacity of helping urban flood risk protection and to decision maker for 
planner to identify in a systematic way. The system is based on SketchUp platform in which 
the lessons and experience gained from interdisciplinary studies. The study presented in this 
process of research and the framework of integrated disaster risk management of cultural 
heritage. This chapter is also described the step of study that comprise of two parts, including 
flood risk study and urban cultural heritage. To establish a support system for the computer-
assisted Protect Cultural heritage (PCH) from the flood risk tool that supports planner and 
designers in developing satisfactory design solutions in the conceptual design phase. The 
steps of study are described into two assessment scales, including urban and local 
neighborhood assessment. The framework of integrated disaster risk management of urban 
cultural heritage to mitigate and adapt spatial planning is introduced in this chapter. The last 
part of this chapter is illustrated the integrated on the results of experimental study. Some 
findings are useful to be discussed for the other chapters. 
 
3.1 CONCEPTUAL FRAMEWORK 
 
This study aims to develop this framework to reflect flood risk management of cultural 
heritage in urban planning was put forward for local neighbourhood area or building groups. 
Urban planner and designer need information transfer to powerful experience, a map 
characteristic of morphology types depicting urban’s “urban morphology type maps” based 
on GIS data from urban scale. Then, with the aid of GIS, systematic guidelines for planning can 
be given. As a result, different urban morphology types of benefits for city dwellers are to be 
expected characteristic of urban morphology type, it is importance to assess the damages and 
conservation process of cultural heritage. For local neighbourhood scale or building scale 
depicting by “PCH plug-in tool” based on characteristic of morphology property type. 
Ayutthaya is presented as a case study. It showed how the “communication system” of 
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knowledge of Ayutthaya’s urban cultural heritage and flood risk into simple guidelines for 
urban planning in order to mitigate the urban flood risk.  
 
 
 
Figure 3.1 Framework of Integrated the Urban Flood and Cultural Heritage [Source: Author, 
2013]. 
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Figure 3.2 Conceptual Framework of Integrated the Urban Flood and Cultural Heritage 
[Source: Author, 2013]. 
 
3.2 STRUCTURE OF THE STUDY 
 
Based on this research concept, this study proposed a framework to improve the 
communication system and transferability powerful experience in urban flood risk of cultural 
heritage. This framework developed based on the concept towards hazard, flood risk and 
physical vulnerability and cultural heritage. Protect of cultural heritage from the flood risk is 
an aspect of urban morphology types that can be improve, although the “PCH” 
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Figure 3.3 Flowchart Showing the Different Stages of Research Framework [Source: Author, 
2013]. 
 
3.3 PROCEDURES FOR INTEGRATED FLOOD RISK MANAGEMENT 
OF CULTURAL HERITAGE 
 
3.3.1 DISASTER RISK MANAGEMENT AND IMPORTANT  
OF CULTURAL HERITAGE 
 
World Heritage properties are important for national and community pride and for social 
cohesion. Under the World Heritage Convention, the States Parties sign up to the obligation 
of preserving World Heritage properties for future generations. Therefore managers of these 
properties are responsible for protecting their outstanding universal value. Disasters do 
happen, therefore it is best to be prepared to manage these unavoidable events. In times of 
disaster, an effective disaster risk management plan can help to support vulnerable 
communities by preserving their heritage. Cultural and natural heritage can itself contribute 
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towards reducing the effects of disasters in various ways; for example, the traditional 
knowledge systems embodied in physical planning and construction, local management 
systems and ecology, can’t only prevent or mitigate the impact of disasters but also provide 
sufficient coping mechanisms to deal with post-disaster situations. Cultural heritage can serve 
as safe havens for surrounding communities for their temporary relocation during 
emergencies (UNESCO, 2010). 
 
3.3.2 DISASTER RISK MANAGEMENT CYCLE 
 
There are three main stages of Disaster Risk Management: before, during and after disasters 
(Figure 3.4). The preparedness activities to be undertaken before a disaster include risk 
assessment, prevention and mitigation measures for specific hazards (maintenance and 
monitoring, and formulating and implementing various disaster management policies and 
programmes). Emergency preparedness to be undertaken before a disaster includes measures 
such as creating an emergency team, an evacuation plan and procedures, warning systems 
and drills and temporary storage. 
 
 
Figure 3.4 Disaster Risk Management Cycle [Source: UNESCO, 2010]. 
 
 
3.4 BACKGROUND OF STUDY AREA 
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3.4.1 AREA OF STUDY 
 
The Historic City of Ayutthaya, founded in ca.1350, was registered as a world heritage site 
on December 13, 1991 by the World Heritage Property to meet the following criteria: it is the 
testament to the culture or civilization to emerge in the present, considered as important to the 
history of race, of Ayutthaya and of Thailand. Afterwards, the world heritage site 
management guidance has published, releasing in March 1992 to provide a framework for the 
conservation operation. The most important area which has the best physical and atmosphere 
is (1) the Nucleus Zone, while (2) is an area with less importance in the City Island and the 
other four of six areas are the Buffer Zone outside the City Island (Figure 3.3) (OFAD, 1994).  
Ayutthaya is a province in the middle of Thailand, located 75 kilometers from Bangkok, the 
capital. Ayutthaya city has a population of 45,406 families (OFAD, 2010). It is situated in the 
central plains and surrounded by the lower Chao Phraya River, the Lopburi River and the Pa 
Sak River, local people called “Ko Mueang” or the City Island. Ayutthaya Historical Park is 
a World Heritage site locating on the city island an area of 1,810 rai (2.90 Sq.km.). In 2000 
the Fine Arts Department has declared the land on the island of Ayutthaya, the ancient city of 
Ayutthaya, and the vicinity as of historical and archaeological evidences. The total area is 
approximately 3,000 rai (4.80 Sq.km.) [OFAD, 1994]. 
 
 
Figure 3.5 Zoning and the Distribution of Ayutthaya Historical City. [Source: OFAD, 1994; 
Daungthima W. et al., 2013] 
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3.4.2 THE HISTORIC CITY OF AYUTTHAYA COMPOSITION 
 
The historic city of Ayutthaya has a large number of cultural heritage assets including 
historical monument sites, temples, museums, archaeological sites, cultural landscapes, and 
historic landmarks. 
The main composition of Ayutthaya historical city includes; 
 Ayutthaya historical park: on the City Island, with 1,254 dugged canals that connected to 
the main rivers around the city as well as a number of temples located closely in the area 
(Thanat Y et al., 2011). 
 It is believed that this temple was built in the first until the end Ayutthaya Era or in 
B.E.1893.  The temple was built successively and with great splendor. [OFAD, 2010]. 
 Cultural Heritage Sites: The Fine Arts Department has 136 cultural property sites and 
listed 411 altogether cultural heritage sites from 1935 until nowadays as shown in (Table 
1, Figure 3.4) (OFAD, 2010). 
 
 
Figure 3.6 The Relationship between Number of Cultural Heritage Sites, Number of 
Dwelling and Distance from City Center. [Source: Author, 2013]  
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Figure 3.7 The Distribution of Cultural Heritage Sites Around Ayutthaya Historical City 
 [Source: Author, 2013]  
 
 
Figure 3.8 The Distribution of Cultural Heritage Sites Inner city of Ayutthaya Historical City 
 [Source: http://www.ibtimes.co.uk and Author, 2013]  
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Figure 3.9 The Distribution of Cultural Heritage Sites Located in Suburb Areas of Ayutthaya 
Historical City [Source: Author, 2013]  
 
Table 3.1 Distribution of Cultural Heritage Sites in Ayutthaya 
Cultural Heritage Sites Registered  Listed Grand Total 
Zone 1 30 75 105 
Zone 2 30 64 94 
Zone 3 18 90 108 
Zone 4  5 26 31 
Zone 5  27 79 106 
Zone 6  5 40 45 
Zone 7 21 37 58 
Total 136 411 547 
 
 
Figure 3.10 The distribution of Ayutthaya Historical City Coordinated by the Global 
Positioning System. [Source: OFAD, 2010; Wittaya Daungthima and Kazunori Hokao, 2013] 
1 
2 
3 
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CHAPTER 4 
MULTIVARIABLE CLASSIFICATION FOR MORPHOLOGY 
OF VULNERABILITY TYPE AND CHARACTERISTICS ON 
CULTURAL HERITAGE 
This chapter present is mainly focused on the result of analysis the possible physical impact 
of flood disaster and assessing the flood impacts and the urban cultural heritage vulnerability. 
In this stage, two approaches are presented including the indicated that there are importance 
for both the composition and configuration of possible physical impact of flood disaster and 
field survey. The approach was based on studies and the application of Geographic 
Information System (GIS) techniques and on Spatial Multi-criteria Evaluation (SMCE) for 
identifying the disaster vulnerability areas and priorities for cultural heritage. The purpose of 
this chapter is to number of possible damaged sites and assessing the flood impacts and the 
urban cultural heritage vulnerability sites. Moreover, the results can provide for urban 
planners, urban architect, and architects to understand which the disaster vulnerability factors, 
type of damage, the degree of risks at the site. The factor is employed as indicators for setting 
the priorities of cultural heritage conservation. 
 
In this chapter decision making step show in step 1: define the problem and identify 
alternatives that will solve the problem. 
 
 
Figure 4.1 Decision Making Step in Step 1 [Source: Author, 2013]. 
 
4.1 ANALYSIS OF THE POSSIBLE PHYSICAL IMPACT FACTORS 
 
From the reviews of urban morphology and disaster vulnerability factors, found that most 
crucial factors are in 7 categories which are altitude or elevation, drainage system & soil, 
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density of resident, distance to main river, distance to hydrology, slope and distance to road 
[Cees van Westen, 2009, Kasperson et al., 2005, Shook G, 1997, Saltbones OA, 2006, 
Mongkonkerd et.al., 2013]. The correlation of independence variables is significant for the 
risk layer that influence the physical damage of historical monument sites. This is again 
classified by the degree of damage that has been specified above. The results are shown in 
Figure 4.2-4.3. 
From altitude or elevation factor which are detail of current elevation and surface water paths 
[Cees van Westen, 2009, Kasperson et al., 2005, Shook G, 1997, Saltbones OA, 2006, 
Mongkonkerd et al., 2013]. Drainage system & soil factor which are detail of vulnerable 
communities and critical infrastructure, soil erodibility, soil drainage, soil moisture, soil 
scape in fragile environmental balance and soil composition [Cees van Westen, 2009, 
Kasperson et al., 2005, Shook G, 1997, Saltbones OA, 2006, Denpaiboon et.al., 2009]. 
Density of resident factor which are detail of land value per floor space and land use [Cees 
van Westen, 2009, Shook G, 1997, Saltbones OA, 2006, Depaiboon et al., 2009]. Distance to 
main river factor which are detail of area at risk from flooding and the distance to river [Cees 
van Westen, 2009, Saltbones OA, 2006]. Distance to hydrology factor which is detail the 
distance to hydrology [Cees van Westen, 2009, Saltbones OA, 2006]. Slop factor which are 
detail of the distance of historical site to road, upstream source of flooding, flood 
susceptibility and overflow sensibility [Cees van Westen, 2009, Depaiboon et al., 2009]. 
Distance to road factor which is detail of distance of historical site to road [Cees van Westen, 
2009, Shook G, 1997, Saltbones OA, 2006, Depaiboon et al., 2009]. 
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Figure 4.2 The Urban Morphology Factors [Source: Author, 2013]. 
 
4.2. NUMBER OF POSSIBLE DAMAGED CULTURAL HERITAGE 
SITES IN EACH CLUSTER 
 
The studies of urban morphology and disaster vulnerability factors found that of the most 
crucial seven factors, there are most important in analysing the possible physical impact of 
flood.  The results are shown in table 4.2-4.5.  
This study 489 cultural heritage sites (CHS) were assessed, 294 CHS in study areas were 
shown high to extreme vulnerability. The possibilities of flood damage were assessed 
compared with the flood in 2011. In table 4.1, this study tries to summarize distances by 
comparing similarities and difference urban morphology types (UMT) between groups of 
clusters, distances between final cluster centers, UMT 1 between UMT 2 is .384, UTM 1 
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between UMT 3 is .410 and UMT2 between UMT 3 is .463. In table 4.2, this study tries to 
summarize an example of the final cluster centers of morphology vulnerability types of the 
seven factors demonstrating the most effective. In table 4.3, this study tries to summarize 
number of cases in each cluster found UMT 1 has 310 CHS, UMT 2 has 39 CHS and UMT 3 
has 140 CHS. The correlations of independent variables give significance of the risk layer to 
influence the physical damage on CHS. The results are shown in table 4.4.  
Table 4.1 Distances between final cluster centers. 
Cluster 1 2 3 
UMT 1  .384 .410 
UTM 2 .384  .463 
UTM 3 .410 .463  
 
Table 4.2 Final cluster centers of morphology vulnerability types (MVTs). 
  Cluster  
1 2 3 
Altitude/Elevation .56 .78 .65 
Soil drainage .75 .77 .78 
Density residential 
Distance to main river 
Distance to hydrology 
Slope 
Distance to road 
.40 
.87 
.92 
.65 
.95 
.10 
.88 
.75 
.75 
.85 
.20 
.53 
.97 
.97 
.91 
 
Table 4.3 Number of cases in each cluster  
Cluster Total 
UMT 1 310 
UTM 2   39 
UTM 3 140 
Valid 489 
Missing .000 
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Table 4.4 The ANOVA table indicates which variables contribute the most to cluster solution. 
 Cluster Error  
F 
 
Sig. Mean 
Square 
df Mean 
Square 
df 
Altitude/Elevation .981 2 .021 490 47.071 .000 
Soil drainage .059 2 .004 490 16.237 .000 
Density residential 2.206 2 .028 490 78.005 .000 
Distance to main river 6.015 2 .016 490 387.685 .000 
Distance to hydrology .743 2 .007 490 100.422 .000 
Slope .374 2 .037 490 10.045 .000 
Distance to road .208 2 .005 490 42.002 .000 
 
 
Figure 4.3 The Urban Morphology Factors (a) Dendrogram using centroid linkage (all cases), 
(b) Class 1 or Urban morphology type 1(UMT 1), (c) Class 2 or Urban morphology type 
2(UMT 2) and (d) Class 3 or Urban morphology type 3(UMT 3) [Source: Author, 2013]. 
 
From the study of CHS, were assessed as damage by flood in 2011, vulnerability value of 
CHS s around Ayutthaya Historical City. Classification of the vulnerability value groups, 
found that most crucial groups are three groups which are urban morphology type 1(UMT 1 
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or class 1), urban morphology type 2 (UMT 2 or class 2) and urban morphology type 3 (UMT 
3 or class 3) 
The results of the number of CHS in each cluster to defining for the damage of vulnerability 
value of CHS and groups of vulnerability value around Ayutthaya Historical City shown in 
figure 4.3-4.4. In this study 493 CHS were assessed. Focus on UMT 1 (310 of CHS), UMT 2 
(39 of CHS) and UMT 3 (140 of CHS). 
 
 
Figure 4.4 Number of Possible Damaged Cultural Heritage Sites in Each Cluster [Source: 
Author, 2013]. 
 
The Fine Arts Department has registered 136 historical sites and listed 411 historical sites. 
The distribution of cultural heritage sites in Ayutthaya in urban morphology types 1 (UMT 1) 
has registered 74 historical sites and listed 236 historical sites, urban morphology types 2 
(UMT 2) has registered 5 historical sites and listed 34 historical sites and urban morphology 
types 3 (UMT 3) has registered 36 historical sites and listed 104 historical sites (see Figure 
4.4(a)). 
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Distribution type of cultural heritage sites in Ayutthaya has 5 type, 1) Religious building, 2) 
Temple or Pagoda, 3) Canal, Wall, Gate, 4) Historical park, 5) Historic road.  In urban 
morphology types 1 (UMT 1) has religious building 79 sites, temple or pagoda has 155 sites, 
canal, wall, gate, has 24 sites, historical park has 43 sites and historic road has 7 sites. Urban 
morphology types 2 (UMT 2) has religious building 9 sites, temple or pagoda has 24 sites, 
canal, wall, gate, has 2 sites and historical park has 4 sites. Urban morphology types 3 (UMT 
3) has religious building 16 sites, temple or pagoda has 88 sites, canal, wall, gate, has 8 sites, 
historical park has 26 sites and historic road has 1 sites. (see Figure 4.4(b)). 
  
 
Figure 4.5 (a) The distribution of cultural heritage sites in Ayutthaya (b) Distribution types 
of cultural heritage sites in Ayutthaya [Source: Author, 2013]. 
 
4.3. CHARACTERISTIC OF URBAN MORPHOLOGY TYPE 
From the seven urban morphology factors, found that most crucial types are in 3 categories 
which are urban morphology type (UMT 1), urban morphology type (UMT 2), urban 
morphology type (UMT 3). The altitude or elevation, UMT 1 high above mean sea level is 0-
1.98 m., UMT 3 high above mean sea level is 0-1.68 m., and UTM 2 high above mean sea 
level is 0-0.91 m., respectively. Drainage system & soil, UMT 1 is 0.30-1.00, UMT 2 is 0.55-
1.00, and UMT 3 is 0.60-1.00, respectively. Density of resident, UMT 1 high density is 147-
3,223 households, UMT 2 medium density is 0-1,640 households, UMT 3 low density is 0-
851 households, respectively. Distance to main river, UMT 3 far from the main river is 129-
892 m., UMT 2 far from the main river is 5-300 m., UMT 1 far from the main river is 0-385 
m., Distance to hydrology, UMT 2 far from hydrology is 0-2,093 m., UMT 1 is far from 
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hydrology is 0-498 m., UMT 3 far from hydrology is 0-282 m., respectively. Slope, UMT 3 
degrees of slope is 0.001-0.196, UMT 1 degrees of slope is 0-0.184 and UMT 2 degrees of 
slope is 0.002-0.108 respectively, and Distance to road, UMT 2 far from road is 0-762.27 m., 
UMT 3 far from road is 0-335.34 m., UMT 1 far from road is 0-221.42 m., respectively. The 
results are shown in Figure 4.7. 
Characteristic of urban morphology types, it is important to assess the damages of CHS in 
terms of environmental damage, external damage and internal damage. The levels of damage; 
high risk, medium risk and low risk respectively, are also assigned. These seven factors are 
employed as indicators for setting the priorities of vulnerability damage sites. 
 
Figure 4.6 Characteristic of Urban Morphology Factors (a) altitude or elevation (m) MSL, 
(b) drainage system & soil, (c) Density of resident, (d) Distance to main river (m), (e) 
Distance to hydrology (m), (f) Slope (degrees) and (g) Distance to road (m) [Source: Author, 
2013]. 
 
4.4. CONCEPT OF ASSESSING IMPACT AND VALUE 
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It is important to assess the damages in terms of environmental damage, external damage and 
internal damage. The levels of damage; high risk, medium risk and low risk respectively, are 
also assigned. Furthermore, the CHS values are ranked as high (Ayutthaya historical city), 
medium (registered) and low values (on the list) (OFAD, 2010). These two factors are 
employed as indicators for setting the priorities of CHS conservation. 
GIS-mapping and analysis of disaster risk is in two layers: Layer 1 is a degree of risks at the 
site (high risk, medium risk, low risk) Layer 2 is the values of the site (high value, medium 
value, low value). Analysis is done in order to develop recommendations for management 
action which will put the high priority on historical sites of high value and high risk (Figure 
4.7) 
 
Figure 4.7 The Concept of Assessing Impact and Value [Source: Wittya Daungthima and 
Kazunori Hokao, 2013]. 
 
Figure 4.8 The Value of Cultural Heritage [Source: Wittya Daungthima and Kazunori Hokao, 
2013]. 
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4.5. ASSESSING THE FLOOD IMPACTS 
 
CHS plays a significant role in the Ayutthaya historical city identity and is important to 
conserve. The 2011 floods have greatly affected a large number of CHS assets including 
museums, temples, archaeological sites, cultural landscapes, and historic landmarks within 
and around the Ayutthaya city. Assessing damage and losses to CHS assets is a site-specific 
exercise. Their diversity requires site-by-site assessments. 
 
4.5.1. TYPE OF DAMAGE 
 
The survey of CHS damage sites in Ayutthaya is based on the types of damage which are: 1) 
Environmental damage consists of areas at risk from flood, ground cracks, landscape 
damages, pit on ground or subsidence, surface water flow paths, vulnerable communities and 
critical infrastructure. 2) External damage which are light damage (wall or decorative 
aspects) and structural damage 3) Internal damage includes interior of affected building (wall, 
decoration and ceiling). From the surveys, it was found that, at present there are 3 groups in 
Ayutthaya CHS damage. 
 
4.5.2. FIELD SURVEY AND DAMAGE ASSESSMENT 
 
The field survey on previous flood impacts studies. To studies the details of the data store to 
the field and the type of damage by the description of CHS include the Name of cultural 
heritage, Type of cultural heritage (registration historical sites and list historical sites), 
Coordinate by GIS and GPS, Address of cultural heritage, Zone of cultural heritage, 
Description compound size and construction, Photo number, Date and time for the operators 
to explore and records data corruption CHS. Type of damage include 1) Environmental 
damage: areas at risk from flood, ground cracks, landscape damage, ground of the pit or 
subsidence, surface water flow paths and critical infrastructure 2) External damage: light 
damage (wall, decorative aspects), structural damage 3) Internal damage: interior of building 
affected (wall, decoration, ceiling) to find characteristic of the damage sites and level of the 
damage. 
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Figure 4.9 Characteristic and Level of the Damaged Sites [Source: Author, 2013]. 
 
 
Figure 4.10 Screenshots from iPhone Application Elevation [Source: Author, 2013]. 
 
The studies of field survey on April – May, 2012 the flood impacts and the CHS 
vulnerabilities the result show that the previous flood has damaged the CHS in Ayutthaya. To 
conserve those CHS, it is important to assess the damages in terms of environmental damage, 
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external damage and internal damage. Environmental damage, high risk found 6 CHS, 
medium risk found 37 CHS and low risk found 41 CHS. In UMT 2 the most Environmental 
damage, UMT 3 and UMT 1 respective (see in Figure 4.11). External damage, high risk 
found 11 CHS, medium risk found 23 CHS and low risk found 50 CHS. In UMT 2 the most 
External damage, UMT 3 and UMT 1 respective (see in Figure 4.12). Internal damage, high 
risk found 10 CHS, medium risk found 18 CHS and low risk found 56 CHS. In UMT2 the 
most Internal damage, UMT 1 and UMT 3 respective (see in Figure 4.13). 
The levels of damage; high risk, medium risk and low risk respectively, are also assigned. 
The results are shown in Table 4.8. Assessing impact of flood high risk found 11 CHS, 
medium risk found 30 CHS and low risk found 43 CHS. In this study found 84 CHS in study 
area were assessed as damage by flood in 2011 is shown in figure 4.15 for the remaining 405 
HMS damage assessment was carried out considering due to limitations during the historic 
monument sites survey of the damage, some of HMS them begin for renovation. The field 
survey of flood impacts, water flood in Ayutthaya on October – December, 2011 and 
drainage of moisture in the soil need time to prevent damage to structure of the CHS. 
 
Figure 4.11 Types of Environmental Damage [Source: Author, 2013]. 
 
Table 4.5 Assessing Impacts of flood Environmental Damage. 
Custer  High Risk  
21.67- 28.33 
Med Risk  
15.01-21.66 
Low Risk  
8.33-15.00 
Total 
Damage site 6 37 41 84 
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Figure 4.12 Types of External Damage [Source: Author, 2013]. 
 
Table 4.6 Assessing impacts of flood External Damage. 
Custer  High Risk  
21.67- 30.00 
Med Risk  
13.34-21.67  
Low Risk  
5.00-13.33 
Total 
Damage site 11 23 50 84 
 
 
Figure 4.13 Types of Internal Damage [Source: Author, 2013]. 
 
Table 4.7 Assessing impacts of flood Internal damage. 
Custer  High Risk  
13.34- 20.00 
Med Risk  
6.67-13.33  
Low Risk  
0.00-6.66 
Total 
Damage site 10 18 56 84 
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Figure 4.14 (a) Cultural Heritage Damage Sites (b) High damage sites (c) Medium damage 
sites (d) Low damage sites [Source: Author, 2013]. 
Table 4.8 Assessing impacts of flood. 
Custer score High Risk (181-240) 
17.04- 23.33(%)  
Med Risk(121-180) 
10.74 - 17.03 (%) 
Low Risk(60-120) 
4.44 -10.73(%) 
Total 
Damage site 11 30 43 84 
Average 214.29 146.77 96.74 125 
Min 
Max 
190 
240 
130 
180 
60 
120 
60 
240 
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Figure 4.15 Assessing Impacts of Flood [Source: Author, 2013]. 
 
4.6. SUMMARY PHYSICAL VULNERABILITY 
 
The results of this research indicated that there are importance for both the composition and 
configuration of possible physical impact of flood disaster and field survey. The description 
of the quantitative relationships of seven the disaster vulnerability factors with the urban 
flood disaster, found seven factors that are most important to analysing the possible physical 
impact of flood, altitude or elevation, drainage system & soil, density of resident, distance to 
main river, distance to hydrology, slope and distance to road. This research expands our 
scientific understanding of the effects of flood disaster on urban cultural heritage and CHS. 
The possible physical flood impacts are quite similar to field survey of CHS. 
These results have important theoretical and management implications. Urban planners and 
Urban Architects attempting to mitigate the impact of flood disaster on CHS can gain insights 
into the importance of the priorities of CHS conservation and renovation. 
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The results are consistent with those previous research assessing impact and value of CHS. It 
is important to assess the damages in terms of environmental damage, external damage and 
internal damage. The levels of damage; high risk, medium risk and low risk respectively, are 
also assigned. Furthermore, the cultural heritage values are ranked as high (Ayutthaya 
historical city), medium (registered) and low values (on the list).These two factors are 
employed as indicators for setting the priorities of CHS conservation.   
The results found UMT 2 is high vulnerability, UMT 3 is medium vulnerability and UMT 1 
is low vulnerability. Found 84 CHS were assessed as damage; high risk 12 sites, medium risk 
30 sites and low risk 42 sites. 
Contributions: this type of morphology classification could facilitate to; the distribution of 
land resources throughout morphology classes, policy options in difference morphology types 
which would assist planners and policy makers in the task of larger scale assessments and 
vulnerability level. 
In this chapter decision making step show in step 1: define the problem and identify 
alternatives that will solve the problem. 
 
 
Figure 4.16 Summary Decision Making Step in Step 1 [Source: Author, 2013]. 
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CHAPTER 5 
CIVIL SOCIETY OF URBAN FLOOD AND CULTURAL HERITAGE 
PROTECTION BY COMMUNITY-BASED 
 
In chapter 5, research contributing to civil society of flood protection and cultural heritage 
protection by community-based, protect of cultural heritage from flood risk, the level of 
participation by community-based. The results of this research indicated that there are 
importance for both of participation of flood protection and perception of cultural heritage 
from flood risk by community-based activity under flood disaster. This chapter expands 
social understanding of the conservation of cultural heritage should still focus on the 
cooperative tasks in order to enhance people's awareness of historical preservation of 
common heritage. The participation should be effective but flexible enough to offer 
alternatives for the management of cultural heritage and to encourage the local people to 
participate in the process. In this chapter decision making step show in step 2: develop 
assessing criteria based on the problem and select a decision making tool. 
 
 
Figure 5.1 Decision Making Step in Step 2 [Source: Author, 2013]. 
 
5.1 SAMPLE AND PROCEDURES 
 
The questionnaire was developed for study by field survey on civil society to protect cultural 
heritage sites (CHS) from flood risk by community-based, historical of flood protection, 
flood protection of CHS, the level of participation by community-based and social 
vulnerability. This study attempts to quantify perceptions of CHS remaining in community 
and perceptions of flood protection and CHS, the participation between various sectors and 
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the level of participation by community-based.  The population of this study referred with the 
calculated method of Taro Yamane, 1973. 
21 Ne
N
n

   [Eqn. 5.1] 
Where n = sample size, N= population size, e = error of sampling. This study allows the error 
of sampling on 0.05 so; the sample size show as follows; 
 
Table 5.1 The Population in Pha na Khon Si Ayutthaya District. 
District/Sub- district Total 
population  
Male 
population 
Female 
population 
Number of  
Households 
Pha na khon Si Ayutthaya 139,511 66,901 72,610 45,406 
     
[Source: Bureau of Registration Department of provincial administration, 2011] 
 
The final sample consisted of 374 respondents who were interviewed in May 2012(show in 
Table 5.2) [Wittaya Daungthima and Kazunori Hokao, 2013]. Fifty-eight percentage of the 
respondents were women (n=218) and 42% were men (n=156). This age ranged from less 
than 20(n=54), 21-30(n=119), 31-40(n=84), 41-50(n=65), 50-60(n=42), more than 60(n=10). 
As regards level of education, 3% of respondents had attended less than primary school, 12% 
had attended primary school, 19% had a high school, 16% had a diploma, 45% had a 
university degree and 5 % had a graduate degree. The period of living in this community, 
27% had living less than 5 years, 18% had living 5-10 years, 19% had living 11-20 years, 
17% had living 21-30 years, 10% had living 31-40 years, 4% had living 41-50 years and 5% 
had living 51-60 years. Ninety-one percentage of the samples were Buddhist, 3% were Christ, 
5% were Islamic and 1% was other. 
Table 5.2 The Distribution of Cultural Heritage Sites in Ayutthaya. 
Cultural Heritage 
(Zone) 
Registered  Listed Grand 
total 
Percentage Sample 
size 
Zone 1 30 75 105 21.48% 80 
Zone 2 30 64 94 19.22% 72 
Zone 3 18 90 108 22.08% 82 
Zone 4 5 26 31 6.34% 24 
Zone 5 27 79 106 21.68% 81 
Zone 6 5 40 45 9.20% 35 
Total 115 374 489 100% 374 
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Table 5.3 Variable and Sample size, frequency and percent 
Variables 
Sample size 
(n = 374) 
Frequency Percent 
Gender     
  Male 156.00 41.71 
  Female 218.00 58.29 
Total 374.00 100.00 
Age(Years)     
  lest 20  54.00 14.44 
  21-30 119.00 31.82 
  31-40 84.00 22.46 
  41-50 65.00 17.38 
  51-60 42.00 11.23 
  more than 60 10.00 2.67 
Total 374.00 100.00 
Religious     
Buddhist 341.00 91.18 
Christ 9.00 2.40 
Isamic 20.00 5.35 
Other 4.00 1.07 
Total 374.00 100.00 
Status     
Single 195.00 52.14 
Married 164.00 43.85 
Widower 15.00 4.01 
Total 374.00 100.00 
Education     
less than primary 10.00 2.67 
Primary 46.00 12.30 
High school 72.00 19.25 
Diploma 59.00 15.78 
Undergraduate 167.00 44.65 
Graduate 20.00 5.35 
Total 374.00 100.00 
Income(bath)     
Less than 6000 62.00 16.58 
6,000-10,000 148.00 39.57 
10,001-20,000 84.00 22.46 
20,001-30,000 51.00 13.64 
30,001-40,000 19.00 5.08 
More than 40,001 10.00 2.67 
Total 374.00 100.00 
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Table 5.4 Variable of occupations and Period living and Sample size, frequency and percent 
Variables 
Sample size 
(n = 374) 
Frequency Percent 
Occupations     
Official 87.00 23.26 
Employees 63.00 16.84 
Housewife 10.00 2.67 
Employed 106.00 28.34 
Retirees 9.00 2.41 
Trade 45.00 12.04 
Business owners 24.00 6.42 
Other 30.00 8.02 
Total 374.00 100.00 
Period of 
living(years) 
    
less than 5 100.00 26.73 
6-10 years 68.00 18.18 
11-20 years 70.00 18.72 
21-30 years 65.00 17.38 
31-40 years 37.00 9.89 
41-50 years 16.00 4.28 
51-60 years 17.00 4.55 
More than 60 1.00 0.27 
Total 374.00 100.00 
 
 
5.2 THE RELATIONSHIP OF LOCAL PEOPLE IN COMMUNITY 
 
The table 5.5 shows relationship of local people in community. The relative is 30.68%, 
followed by respect the elders is 23.01%, know the whole community is 22.33%, respect the 
religious leaders is  12.05%, the faith community leaders is 9.05% and no correlation 2.88%.   
Figure 5.1 shows relationship of local people in community by zone. The relative the most 
likely relationship is zone 5(54), followed by zone 1(47), zone 2(43), zone 3(39), zone 6(29) 
and zone 4(12). Know the whole community the most likely relationship is zone 3(40), 
followed by zone 5(38), zone 2 (37), zone 1(24), zone 4 and zone 6(12). Respect the elders 
the most likely relationship is zone 3(44), followed by zone 5(43), zone 2(28), zone 1(27), 
zone 6(16) and zone 4(10). The faith community leaders the most likely relationship is zone 
3(21), followed by zone 5, zone 1(14), zone 4(8), zone 2(6) and zone 6(3). Respect the 
religious leaders the most likely relationship is zone 3(19), followed by zone 5(18), zone 
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1(13), zone 2(12), zone 4(5) and zone 6(1). No correlation the most likely relationship is zone 
3(5), followed by zone 5, zone 1, zone 2(3) and zone 6(2). 
 
Table 5.5 The relationship of local people in community 
The relationship Total Percentage 
1.The relative 224 30.68% 
2.Know the whole community 163 22.33% 
3.Respect the elders 168 23.01% 
4.The faith community leaders 66 9.05% 
5.Respect the religious leaders 88 12.05% 
6.No correlation 21 2.88% 
 
 
Figure 5.2 The Relationship of Local People in Community by Zone [Source: Author, 2013]. 
 
5.3 COMMUNITY-BASED PERCEPTIONS OF CULTURAL 
HERITAGE 
 
Table 5.4 shows perceptions of CHS. The perception of Canal, Wall, Gate is 24.71%, 
Abandoned temple/ Deserted pagoda is 23.97%, Religious buildings is 23.68%, Historical 
park20.29% and Cultural Landscape is 7.05%, respectively. Zone 1 the most likely 
perception is Historical park (33), followed by Canal, Wall, Gates (27), Abandoned 
temple/Deserted pagoda (24), Religious buildings (22) and Cultural landscape (13). Zone 2 
the most likely perception is abandoned temple/deserted pagoda (37), followed by Religious 
buildings (29), Canal, Wall, Gate(28), Historical park(26) and Cultural Landscape(10). Zone 
3 the most likely perception is Religious buildings (57), followed by Canal, wall gates (44), 
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Abandoned temple/Deserted pagoda (40), Historical parks(14) and cultural landscape(5). 
Zone 4 the most likely perception is Religious building (13), followed by Abandoned 
temple/Deserted pagoda (12), Canal, Wall, Gate (10), Historical park (6) and Cultural 
Landscape (4). Zone 5 the most likely perception is Canal, Wall, Gate (43), by Historical 
park (40), Abandoned temple/Deserted pagoda (38), Religious buildings (25) and Cultural 
Landscape (15). Zone 6 the most likely perception is Historical park (17), followed by Canal, 
Wall, Gate (16), Religious buildings(15), Abandoned temple/Deserted pagoda(12) and 
Cultural Landscape(1).  
Figure 5.4 shows perception of Cultural Heritage in community by zone. Religious building 
the most likely perception is zone 3(25), followed by zone 2(29), zone 5(25), zone 1(22), 
zone 6(15) and zone 4(13). Abandoned temple/Deserted pagoda the most likely perception is 
zone 3(40), followed by zone 5(38), zone 2 (37), zone 1(24), zone 4 and zone 6(12). Canal, 
Wall, Gate the most likely perception is zone 3(44), followed by zone 5(43), zone 2(28), zone 
1(27), zone 6(16) and zone 4(6). Historical park the most likely perception is zone 5(40), 
followed by zone 1(33), zone 2(26), zone 6(17), zone 3(14) and zone 4(6). Cultural landscape 
the most likely perception is zone 5(15), followed by zone 1(13), zone 2(10), zone 3(5), zone 
4(4) and zone 6(1). 
Table 5.6 Perception of Cultural Heritage in community. 
Cultural Heritage 
 
Zone 
1 
Zone 
2 
Zone  
3 
Zone 
4 
Zone 
 5 
Zone 
 6 
Total Percentage 
1. Religious buildings 22 29 57 13 25 15 161 23.68% 
2. Abandoned temple/ 
Deserted pagoda 
24 37 40 12 38 12 163 23.97% 
3. Canal, wall, gates 27 28 44 10 43 16 168 24.71% 
4. Historical park 33 26 14 6 40 17 136 20.29% 
5. Cultural landscape 13 10 5 4 15 1 48 7.05% 
6. Other 1 3 0 0 0 0 4 0.59%  
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Figure 5.3 The Perception of Cultural Heritage in Community by Zone [Source: Author, 2013]. 
 
5.4 THE PARTICIPATION BETWEEN VARIOUS SECTORS 
 
The participation between various sectors four sectors, local people, local government, 
private sectors and academic (see figure 5.4). Office of the Fine Arts Department Ayutthaya, 
section, one of the central government bodies located in the local area, has its direct duty to 
look after the historical monument sites in the area. Unfortunately, the management system 
has excluded various sectors from the conservation process. This also means the exclusion of 
the public around area of the historical monument sites. Thus, resulting the lack of public 
awareness of participation in conservation and flood protection of cultural heritage sites in 
zone 1(Ayutthaya world Heritage site).  
 
In the past Thai society had its centre in the temples and the Thais devoted their lives to 
religion. Thus, the process of participation and conservation of historical monuments was 
involved by the people within and surround the area. Unluckily, nowadays this does not 
likely to happen as in the past.  
However, the conservation of CHS policies should still focus on the cooperative tasks in 
order to enhance people's awareness of historical preservation of common heritage. The 
policies should be effective but flexible enough to offer alternatives for the management of 
CHS and to encourage the local people to participate in the process. 
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The “Civil Society” approach seems to be the most powerful strategy for the conservation of 
the historic city of Ayutthaya as it aims to encourage and educate the local people in the 
process of public participation in historical monuments conservation. This also could promote 
public awareness for the conservation of the CHS. 
 
Figure 5.4 The Participation by Community- based [Source: Author, 2013]. 
 
5.4.1 PARTICIPATION OF FLOOD PROTECTION IN COMMUNITY 
 
Flood characteristics are divided into six areas between Ayutthaya Island (two zones) and 
areas outside the Ayutthaya Island (four zones) [Wittaya Daungthima and Kazunori Hokao, 
2013]. Table 2 shows participation of flood protection in community events proposed can be 
obtained by looking at the mean values of each item. In zone 1, the most likely event is 
facilitates the problem search (M=2.66, S.D.= 1.27), followed by persuade others to join the 
operation(M=2.65, S.D.= 1.45), provide information(M=2.64, S.D.=1.32), comment on the 
plan(M=2.54, S.D. = 1.40) and analyse the issues and problems(M=2.51, S.D.= 1.24).  In 
zone 2, the most likely event is provide information (M=3.04, S.D.=0.97), followed by 
facilitates the problem search(M=2.97, S.D.=1.02), solve the problem(M=2.92, S.D.=1.26), 
persuade others to join the operation(M=2.89, S.D.=1.18) and comment on the plan(M=2.89, 
S.D.=0.99). In zone 3, the most likely event is provide information (M=2.61, S.D.=1.30), 
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followed by facilitates the problem search(M=2.52, S.D.= 1.29), analyse the issues and 
problems(M=2.49, S.D.= 1.27), comment on the plan(M=2.39, S.D.=1.35) and persuade 
others to join the operation(M=2.34, S.D.=1.37). In zone 4, the most likely event is analyse 
the issues and problem (M=2.29, S.D.=1.16), followed by Facilitates the problem 
search(M=2.17, S.D.=1.17) persuade others to join the operation(M=2.13, S.D.=1.33), solve 
the problem(M=2.08, S.D.=1.32),and facilitate planning(M=2.08, S.D.=1.21) . In zone 5, the 
most likely event is provide information(M=3.23, S.D.=1.43), followed by facilitates the 
problem search(M=3.22, S.D.=1.44), analyse the issues and problem(M=3.21, S.D.=1.44), 
comment on the plan(M=3.20, S.D.=1.44) and persuade others to join the operation(M=3.20, 
S.D.=1.42). And zone 6, the most likely event is provide information, analyse the issues and 
problems, Facilitates the problem search (M=2.37, S.D.=1.09), followed by comment on the 
plan(M=2.34, S.D.=1.06) and facilitate planning(M=2.29, S.D.=1.13). 
 
Table 5.7 Participation of flood protection in community. 
 Zone 1 Zone2 Zone 3 Zone 4 Zone 5 Zone 6 
 Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. 
To provide information about 
historical and cultural 
heritage 
2.64 1.32 3.04 0.97 2.61 1.30 2.00 1.25 3.23 1.43 2.37 1.09 
To analyse the issues and 
problems 
2.51 1.24 2.52 0.98 2.49 1.27 2.29 1.16 3.21 1.44 2.37 1.09 
Facilitates the problem search 2.66 1.27 2.97 1.02 2.52 1.29 2.17 1.17 3.22 1.44 2.37 1.09 
To comment on the plan. 2.54 1.40 2.89 0.99 2.39 1.35 1.79 1.18 3.20 1.44 2.34 1.06 
Prepare a plan 2.29 1.36 2.63 1.03 2.29 1.37 1.71 1.12 3.12 1.46 2.20 1.11 
Coordination with other 
agencies involved. 
2.44 1.35 2.74 0.96 2.28 1.31 1.88 1.23 3.15 1.48 2.20 1.11 
To facilitate planning 2.44 1.33 2.83 0.98 2.28 1.29 2.08 1.21 3.20 1.42 2.29 1.13 
To solve the problem. 2.48 1.43 2.92 1.26 2.27 1.37 2.08 1.32 3.10 1.47 2.29 1.07 
The persuade others to join 
the operation 
2.65 1.45 2.89 1.18 2.34 1.37 2.13 1.33 3.20 1.42 2.20 1.08 
The track and find ways to 
improve operations. 
2.43 1.51 2.86 1.20 2.20 1.28 1.75 1.26 3.12 1.49 1.97 1.07 
             
 
5.4.2 THE LEVEL OF PARTICIPATION BY COMMUNITY-BASED 
From the four various sectors, found that participation of activity, in education and skills 
training and a mutual agreement. 
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Figure 5.5 The Participation and Detail of Participation [Source: Author, 2013]. 
 
The participation of activity: has the maintenance of historical / cultural heritage of the 
community, to maintain a clean, tidy and other historic / cultural heritage of the community, 
to create access to historic / cultural heritage of the community such as roads, footpaths etc., 
to build infrastructure in the historic / cultural heritage of the community, such as electricity, 
water, phone, etc., the construction of facilities for tourists in the historical / cultural heritage 
of the community information center, etc., to create meaning in the historical / cultural 
heritage of the community, such as signs, etc., to create a flood of historic / cultural heritage.  
In education and skills training : has the transfer of awareness and awareness of cultural 
heritage in school curricula, skills training for work in the arts such as architecture, carpentry 
and mason repair, restoration, etc., to the community study and research on the cultural 
heritage of the community outside of the school curriculum. 
A mutual agreement: has the comment on policies, plans and laws on historic preservation, 
restoration and flood protection /cultural heritage in the community and the establishment and 
operation of the learning centers in community with historic preservation and restoration/ 
cultural heritage of the community. The participation between various sectors has low to 
medium participation 
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5.5 CIVIL SOCIETY SUMMARY OF FLOOD PROTECTION 
The results of this research indicated that there are importance for both of participation of 
flood protection and perception of cultural heritage and flood risk by community-based 
activity under flood disaster.  The description of the relationships in activity and perception 
with the urban flood disaster, found two zones that are most important to analyses 
participation of flood protection and perception of cultural heritage, zone 3 the most likely 
relationship of local people in community and perception is cultural heritage, followed by 
zone 5, This research expands social understanding of the conservation of cultural heritage 
should still focus on the cooperative tasks in order to enhance people's awareness of historical 
preservation of common heritage. Community-based perceptions of flood protection, the 
most was city administrated, building owner, community people, province administration and 
residents within the community, respective. Community-based perception of cultural heritage 
sites, the most is canal, wall and gate, deserted pagoda, religious building, respective. 
The participation should be effective but flexible enough to offer alternatives for the 
management of cultural heritage and to encourage the local people to participate in the 
process. This also could promote public awareness for the conservation of the cultural 
heritage and the participation of community in the activity of the various sectors. The 
protection of the cultural heritage will not be complete without the participation of the 
people.'' The participation of community-based'' is also a part of conservation of tangible and 
the sustainable future. 
 
5.6 INTEGRATED PHYSICAL VULNERABILITY AND CIVIL 
SOCIETY 
 
The results of this research indicated that there are importance for both of physical 
vulnerability and civil society. The results from both can integrated the damage sites and 
participation of flood protection, perception of cultural heritage by community-based.  
The results are consistent with those previous results assessing impact of CHS and 
relationships in activity and perception with the urban flood disaster, found two zones (zone 3, 
zone 5) that are most important to analyses participation of flood protection and perception of 
cultural heritage. 
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The information and was difficult to understand (2D information), they need to get support 
system from 3D visual for flood protection and cultural heritage sites conservation and can 
select a decision making tool for support system. 
These results have important theoretical and management implications. Urban planners and 
Urban Architects attempting to mitigate the impact of flood disaster on CHS can gain insights 
into the importance of the priorities of CHS conservation and renovation by develop support 
system in next chapter. 
In this chapter decision making step show in step 2: develop assessment criteria based on the 
problem and select a decision-making tool, based on problem is lack of information and was 
difficult to understand and specialist showing knowledge details. 
 
 
Figure 5.6 Summary Decision Making Step in Step 2 [Source: Author, 2013]. 
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CHAPTER 6 
DEVELOPMENT OF PLUG IN TOOL FOR PROTECT  
CULTURAL HERITAGE FROM THE FLOOD RISK 
This chapter is to establish a support system for the computer-assisted to protect cultural 
heritage (PCH) from the flood risk tool that supports planner and designers in developing 
satisfactory design solutions in the conceptual design phase. The approach was based on 
previous studies and the application of Geographic information system (GIS) techniques for 
identifying the disaster vulnerability areas, the result of GIS can be verified with the field 
survey to deliver priorities of intervention based on the multivariable classification of 
morphology vulnerability types and characteristic on cultural heritage sites assets. For the 
present study, the result of urban morphology illustrates the procedure for development of a 
plug in tool to protect cultural heritage (PCH) from the flood risk tools in SketchUp that 
supports planner and designers in developing satisfactory design solutions in the conceptual 
design integrated with urban management and local neighbourhood. As well as the outline of 
the plug in tool, the results of system use the mapping for flood risk protection, urban cultural 
heritage and community safety. 
 
In this chapter decision making step show in step 3: develop and apply the tool to select a 
preferred alternative. 
 
 
Figure 6.1 Decision Making Step in Step 3 [Source: Author, 2013]. 
 
6.1 DATA AND AN EXPERIMENTAL SYSTEM 
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This study is represented schematically in Figure 6.3. It consists of three interconnected parts. 
The first part deals with problem based on previous flood risk and cultural heritage solutions, 
lack of know and understanding, lack of appropriate management and lack of information 
transfer of powerful experience. The second part deals with capacity based on urban scale 
and local neighborhood scale. The development of urban scale based on GIS to classify 
characteristic of morphology property types on CHS. The development of local neighborhood 
scale based on SketchUp, development plugin tool in SketchUp name ‘‘protect cultural 
heritage (PCH) plug-in tool’’. The last part output for alternatives of protect cultural heritage 
from the flood risk by plug-in tool that supports designers in developing satisfactory design 
solutions in the conceptual design phase, resulting in a qualitative support system for flood 
protection of cultural heritage sites. Consequently, most of the data was collected in the field 
mapping and field survey 
Problem (Analysis) operation as the initial part of the conceptual design process requires 
defining a list of problem and objectives as design specifications. [Ozkaya and Akin, 2006] 
described design specification and development as being parallel activities since design act is 
a cyclic process, where alternatives are checked against the initial set of objectives, and the 
set of objectives are redefined for the subsequent steps. [Y. Afacan, 2011]. 
Capacity is the ability of people in community by using available skills and resources to face 
and manage flood. The capacity to cope requires continuing awareness, resources and good 
management, safety building, both in normal times as well as during crises or adverse 
conditions  in local neighborhood [Shook; 1997, Saltbones; 2006, Birkmann; 2006, Abhas K. 
Jha et al, 2012]. 
 
Figure 6.2 The Four Capacities Towards Increased Resilience [Source: Abhas K Jha et al, 
2012] 
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Output (Synthesis) operation is generating solution alternative solutions with respect to the 
specified requirements. [Roozenburg and Eekels, 1994] defined synthesis as the moment of 
externalization and description of an idea either in the form of a sketch, drawing or model [Y. 
Afacan, 2011]. 
 
An effective and efficient knowledge plug in tool is crucial for protect cultural heritage 
(PCH) from the flood risk design process, as it has become a major design and planning issue 
in the last decade with the natural disaster. There are a limited number of Computer Aided 
Design (CAD) investigations on the nature of knowledge processing that supports the 
cognitive activities of protect cultural heritage from flood risk design process.  
 
A suitable knowledge support system is also crucial for designing better built environments. 
In the last decade, the concept of universal design, which means creating products, 
environments and systems for all ages, abilities and sizes, has become a major design issue 
[Y. Afacan, 2011]. 
In Ayutthaya, there are currently three major challenges for protect cultural heritage from the 
flood risk: 
(1) Information was difficult to understand and lack of engagement: The plan of the decision 
making project is usually presented using two-dimensional (2D) drawings. This form of 
presentation makes it very difficult to imagine being in the real level of flood or effect by 
flood of cultural heritage. There is no plug in tool for decision making to propose inside the 
planning and view the scenes from their preferred perspectives. 
(2) Lack of appropriate management: in the planning and implementation process, the 
appropriate management is crucial. Firstly, Integration knowledge from specialist (urban 
planner, urban designer, architects and engineers) with their plan and can contribute transfer 
of powerful experience to decision makers or local people for verify their results. 
(3) Lack of information transfer of powerful experience: results for decision making usually 
involve complex specialist analysis, figures and geometric information. These can impede 
local people participants, who may not be experts, from understanding the contents and 
objectives thoroughly. Furthermore, most flood risk protection involve multi-dimensional 
information, such as the presentation of water levels or water depths in different flood return-
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periods on map. The communication may not be fully effective if the presenters can only 
present the information on statistical diagrams, 2D data and through chart [Jihn- Sung Li, 
2011]. 
 
 
Figure 6.3 Protect Cultural Heritage (PCH) from the Flood Risk Plug-in Tool. [Source: 
Author, 2013]. 
 
6.2 DESIGN AND DEVELOPMENT 
 
 6.2.1 3D MODELLING SOFTWARE 
 
3D and 3DS Max are the most commonly used 3D modeling, animation and rendering 
software, they are often very difficult to learn how to use, especially for researcher etc. who 
do not have a digital arts or computer science background. However, SketchUp 3D modeling 
software is relatively intuitive to use, and thus has attracted more and more users from 
various disciplines. Moreover, the accompanying 3D warehouse website [Ming-Shiou Kuo, 
2012, SketchUp, 2013]. 
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6.2.2 SKETCHUP 
SketchUp was developed by startup company @Last Software of Boulder, Colorado, co-
founded in 1999 by Brad Schell and Joe Esch. SketchUp debuted in August 2000 as a 
general-purpose 3D content creation tool, and was envisioned as a software program that 
would allow design professionals to draw the way they want working in a simple interface, 
that would be fun to use and easy to learn, and that would be used by designers to play with 
their designs in a way that is not possible with traditional design software. It also has user 
friendly buttons to make it easier to use [SketchUp, 2013]. 
 
6.2.3 THE SKETCHUP RUBY APPLICATION PROGRAMMING 
INTERFACE (API) AND IT’S APPLICATION 
SketchUp is software that you can use to create 3D models of anything you like. With its 
embedded Ruby Application Programming interface (API), can extend and customize the 
program to suit your needs, then there's a good chance the Ruby API can make it happen. 
The SketchUp Ruby API is a way that Ruby programmers can extend the capabilities of 
SketchUp to meet their needs. By creating a script (aka a text file) and placing it in 
SketchUp's plugins directory, you can make SketchUp do all kinds of things: create custom 
drawing tools, like a tool for creating windows, attach attributes to drawing elements such as 
cost, supplier, etc., read attributes to generate reports, cut lists, or bills of material, automate 
common tasks like generating scenes from a set of rotations, animate stuff, from drawing 
elements to camera position, make games inside SketchUp by combining these activities and 
much more. 
 
Figure 6.4 Ruby Application Programming Interface (API): [Source: SketchUp, 2013]. 
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6.2.4 RUBY CODE EDITOR 
This code editor allows creating and modifying Ruby scripts directly within SketchUp. These 
scripts can be used to create geometry, add functionality or add data within the SketchUp 3D 
modeling environment.  
At this point, this editor has the following features: Execute multiline Ruby code directly in 
SketchUp, Open and save files of any size, Fast opening of large files, Nice and clean user 
interface, Tab key works as expected in editor (inserts spaces or tabs), Indenting/dedenting of 
code blocks, Dropdown with code snippets inserts snippets at cursor, Code-completion for 
SU classes and methods (click CTRL-SPACE to activate), On save, a backup file can be 
created, Text size dropdown selects editor font size, Line numbering in editor, Matching 
brackets highlighting, Undo in editor, Undo (of code execution) button next to run button, 
Single undo for entire code or multiple undo steps, Results window keeps track of history, 
Reliable editor dialog resizing, Tab and access key navigation, Reference web browser for 
common websites, Browser zoom (a little buggy!), Style changer for user interface, Buttons 
to explore selection object properties and object attributes, Button for direct access to the 
Ruby console, Clean printing of code and Version update checking [Alexander C. Schreyer, 
2013]. 
 
 
Figure 6.5 Ruby Code Editor Plug-in (a) Ruby Code Editor (b) Reference Browser [Source: 
Alexander C. Schreyer, 2013]. 
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Figure 6.6 Ruby Code Editor Plug-in (c) Option (d) About [Source: Alexander C. Schreyer, 
2013]. 
 
6.3 FLOOD RISK KNOWLEDGE PROCESSING AND  
REPRESENTATION  
 
A knowledge based tool should provide a medium for effective knowledge processing and 
expressive knowledge representation [G.j. Nalepa, 2010]. Flood risk and cultural heritage 
processing and representation are difficult task. There is an important number of interacting 
design elements that should be considered [Jihn-sung Lai, et al., 2011]. Although the Flood 
risk and cultural heritage principles inform urban planner and urban designers about usable 
environments, they are not sufficient to generate promising alternatives. It is usually difficult 
to follow. There is no unique parameter that can be optimized. Rather, there are sets of 
requirements regarding each damage type. Moreover, urban planner and urban designers 
must determine the relative importance and implementation order of each requirement 
because it is not possible to satisfy for all of them equally. Thus, flood risk and cultural 
heritage knowledge processing and representation should be considered in relation to 
correlation between water level and damage types. 
In this study proposes a knowledge support system based on previous studies and the 
application of Geographic information system (GIS) techniques for identifying the disaster 
vulnerability areas, the result of GIS can be verified with the field survey to deliver priorities 
of intervention based on the multivariable classification of morphology vulnerability types 
and characteristic on CHS assets [Wittata Daungthima and Kazunori Hokao, 2013]. For the 
present study, the result of urban morphology illustrates the procedure for develop plug in 
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tool for protect cultural heritage (PCH) from the flood risk tool in SketchUp that supports 
planner and designers in developing satisfactory design solutions in the conceptual design 
integrated with urban management and local neighbourhood. As well as the outline of plug in 
tool, the results of system use the mapping for flood risk protection, urban cultural heritage 
protection and community safety. 
 
The development of plug in tool representation of multiple knowledge types, it provides a 
means for represent of protect cultural heritage from the flood risk as a continuous process of 
urban planners, urban designer’s cognitive interactions between problem formulation and 
solution generation. Although design activity is generally explained under the model of 
problem-capacity-output in literature [Yasein Afacan and Halime Demirkan, 2011, I. Ozaka, 
O. Akin, 2006, Shook G. An, 1997, Saltbones OA, 2006, Birkmann,J., 2007, Robin Bloch, 
Abhas K. Jha and World Bank Staff, 2012, N.F.M. Roozenburg and J. Eakels, 1994]. This 
study defines flood risk and cultural heritage representation as an iterative process composed 
of the three main operations: (1) finding the essence of the problem (analysis), (2) available 
skills and resources to manage flood (capacity), (3) generating alternative design solution in 
relation to problem and capacity (output or synthesis).  
 
6.4 AN EXPERIMENTAL PLUG IN TOOL: PROTECT CULTURAL 
HERITAGE (PCH) FROM THE FLOOD RISK PLUG-IN TOOL 
An experimental plug in tool based on is developed to support system all the above 
deficiencies of protect cultural heritage from the flood risk knowledge processing and 
representation during problem, capacity and output operation. The proposed PCH plug-in tool 
has user interfaces that facilitate creation, modification and display of the relevant knowledge. 
SketchUp8, three dimensional (3D) conceptual design software program 
(www.sketchup.com). The PCH plug-in tool is activated by choosing the relevant item from 
the “plug-in” menu.  Its' user interface is composed of message boxes, dialog boxes and web 
dialogs. Figure 6.7 Support scheme of the PCH plug-in tool and data flows among them 
throughout problem, capacity and output operations. The capabilities of these components 
add new knowledge processing and representation facilities to SketchUp that address 
cognitive challenges of the flood risk and cultural heritage process. They are acting as a key 
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mechanism that supports the digital information flow from problem to capacity operation and 
from capacity operation to output operation. 
 
Figure 6.7 Support Scheme of PCH plug-in Tool [Source: Author, 2013]. 
 
6.4.1 THE PREVIOUS FLOOD RISK AND CULTURAL HERITAGE 
SOLUTIONS 
The previous flood solution provides information to urban planner, urban designer, architects 
and engineers about case studies on disaster risk via a web dialog. The web dialog that 
interacts with web via a local filed opens and offers a mechanism to access both textual and 
graphic data. For the flood risk and cultural heritage domain, a case consists of relevant 
knowledge from the best PCH solution (damage sites, water level). 
 
6.4.2 LOCAL NEIGHBOURHOOD SCALE 
This stage learning to development of a plug in tool for PCH plug-in tool, the three 
descriptions: cultural heritage damage sites, water level and the space under the building to 
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allow water to flow through. Then, the result from previous studies develop category and 
crucial, develop in this stage for urban scale transfer to local neighborhood scale. 
 
6.4.3 THE ALTERNATIVE TO PROTECT CULTURAL HERITAGE 
FROM THE FLOOD RISK 
The alternative operation is generating solution alternative solutions with requirements, local 
neighborhood and building by 3D scenario before and after flood. The output of result in this 
part can contribute decision making in this neighborhood scale and link gate to urban 
morphology types. 
Process diagram of the PCH plug-in tool in SketchUp: start SketchUp program, drawing 3D 
SketchUp in neighborhood scale and drawing 3D SketchUp in building scale. The output had 
3D in neighborhood scale and buildings scale before flood. The development of plug-in tool 
use ruby editor code allows creating and modifying ruby scripts directly within sketch 
(Alexander C. Schreyer, 2013). Start for develop code of flood risk and cultural heritage in 
ruby scripts, code based on result in previous studies (see Figure 6.8) and then, execute code 
in SketchUp, illustrates an exemplary dimensional standards interface it show (see Figure 
6.8). Then can put water level, space under building and number of floor of 3D in 
neighborhood and building scale. The output show 3D during flood risk; master plan, 
elevation and perspective can contribute for decision making in neighborhood, building scale 
and architecture design measures. 
 
Figure 6.8 Process Diagram of PCH Plug-in Tool in SketchUp [Source: Author, 2013]. 
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Figure 6.9 Code Protect Cultural Heritage (PCH) from the Flood Risk Plug-in Tool [Source: 
Author, 2013]. 
 
 
 
Figure 6.10 Illustrates an Exemplary Protect Cultural Heritage (PCH) from Flood Risk 
Standards Interface [Source: Author, 2013]. 
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Figure 6.11 Support Scheme of PCH Plug-in Tool [Source: Author, 2013]. 
 
6.5 COMMUNICATION SYSTEM IN PUBLIC PARTICIPATION 
 
The communication system between specialist (urban planner, urban designer, architects and 
engineers), decision maker and local people will efficiency and effectiveness of the 
consultation tremendously. Local people consultation is usually presented as a hearing that in 
turn will increase public involvement in decision making. The issues concerning the support 
system of flood risk and cultural heritage should be addressed in decision making process, 
where local people can have access to detailed information of result for implementing the 
decision. 
The conventional communication system show in figure 6.12, the data results separate from 
urban planner, urban designer, architects and engineers were presented to decision makers, 
usually through some paper-based medium, experiment data, 2D images and maps, but this 
often resulted in lack of integration with the information. Local people or decision maker 
needed to observe information about flood risk and cultural heritage, perform analysis of the 
data, and set the policy for flood protection of neighborhood. At the same time, they want to 
get support for the policy and feedback from the local people to revise the data and design of 
flood risk and cultural heritage. The local people, who are residents in and around the 
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neighborhood, are mainly concerned about the safety of flood risk and properties during 
floods. Unfortunately, the traditional communication system always consumed much time 
and was stammered with many misunderstandings, which was also somehow contradictory 
from a participant's point of view and sometimes caused disputations.  
They are need ability skill and need integration knowledge “common knowledge” Urban 
Planner have sufficient in urban planning knowledge, Urban designer have sufficient in urban 
design knowledge, architects have sufficient architecture knowledge and Engineers have 
sufficient engineering knowledge (see in Figure 6.13). 
Generally, the decision makers and local people faced difficulties in imaging the project's 
impact and the goals that the project ultimately would achieve because most of them didn’t 
have 3D skill in relation to result of work, leading to difficulties in understanding plan for 
decision making.  
To decrease communication gaps, specialist and decision makers need to explain the result or 
design details in language which is easily understood by local people. A support system for 
3D [Jihn-sung Lai, et al. 2011], with advanced technology showing both flood risk and 
cultural heritage information, can be an ideal solution. Thus, the goal of local people 
involvement through user satisfaction with both the process and outcomes can be attained. 
The outcomes 3D from PCH plug-in tool can contribute communication between specialist, 
local people and decision maker support in the decision making process. 
Figure 6.14 illustrates a new communication system that users a support system PCH plug-in 
tool in the planning and implementation process. Firstly, Integration knowledge specialist 
(urban planner, urban designer, architects and engineers) with their plan and verify their 
results. They then present their advice and provide consultation to the decision maker with 
the assistance of a support system PCH plug-in tool in hope obtaining greater decision 
making, the decision makers are able to give more concrete responses to local people queries, 
and the public can express their opinions more directly an effectively. Therefore, the 
communication system between specialist and local people is greatly enhanced by using 3D 
from PCH plug-in tool to support decision making process for select a decision making tool, 
apply to select a preferred alternative and check the answer to make sure it solves the 
problem. 
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Figure 6.12 The Conventional Communication System Between Specialist, Local People and 
Decision Maker [Source: Author, 2013]. 
 
 
Figure 6.13 Integration Knowledge between Urban Planner, Urban Designers, Architects and 
Engineers [Source: Author, 2013]. 
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Figure 6.14 New Communication System Between Specialist, Local People and Decision 
Maker [Source: Author, 2013]. 
6.6 SUMMARY OF (PCH) PLUG IN TOOL  
 
The purpose of this study was to find a more efficient method to establish a support system 
for the computer-assisted to protect cultural heritage (PCH) from the flood risk plug-in tool. 
This part were successful; (i) Can develop code for protect cultural heritage from the flood 
risk plug in tool in SketchUp, (ii) That supports planner and designers in developing 
satisfactory design solutions in the conceptual design phase for urban planner and urban 
designer to work on projects in 3D plug-in tool. Some part need to develop; (i) To link in 
SketchUp for download PCH plug in tool, (ii) PCH checklist interface could be made more 
dynamic ad interesting. After develop of plug in tool, found a more efficient method to 
establish plug in tool to protect cultural heritage from the flood risk plug in tool: This part 
were successful; can develop code for PCH from the flood risk plug in tool in SketchUp and 
can support planners and designer in developing satisfactory design solutions. The system 
develop in this work can help the feasibility of decision maker be discussed in more detail 
before implementation and complicated for protect cultural heritage from the flood risk. 
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Some part need to develop; to link in SketchUp for download plug in tool and PCH checklist 
interface could be made more dynamic and interesting. 
For 3D manipulation, the system uses SketchUp in local neighbourhood and building scale. 
Plug-in tool approach for computer-assisted to protect cultural heritage from flood risk 
concept generation. Today, Flood risk and cultural heritage protection knowledge appears in 
various sources changing from technical documents to design representation. However, PCH 
applications should provide knowledge representations that can flexibly adapt to the 
requirements of the urban flood risk protection. Therefore, develop the PCH plug-in tool in 
SketchUp that supports planner and designers in developing satisfactory design solutions in 
the conceptual design phase together with the iterative process of problem-capacity-out put 
operations. 
In this chapter decision making step show in step 3: develop and apply the tool to select a 
preferred alternative and check the answer to make sure it solves the problem. This step need 
to decrease communication gaps, specialist and decision makers need to explain the results or 
design details in language which is easily understood by local people. A support system need 
plug-in tool for 3D visual to protect cultural heritage sites from the flood risk. 
 
Figure 6.15 Summary Decision Making Step in Step 3[Source: Author, 2013]. 
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CHAPTER 7 
INTEGRATED ASSESSMENT TO SUPPORT 
URBAN SCALE AND LOCAL NEIGHBOURHOOD SCALE  
FOR DECISION MAKING 
 
The scale and level of flood effects to urban area and cultural heritage had required to the will 
require local governments and civil society. Some cultural heritage sites are beginning to 
require local governments meet urban flood protection of cultural heritage sites.  However, it 
is at the local level that most protection, the process made-by public officials, practitioners 
and citizens in cities. That process not included decisions process about flood protection and 
cultural heritage sites. City planners and local decision makers generally lack the tools and 
means needed to make informed choices about the flood risk and cultural heritage 
implications or to measure their effects. Policy makers and regulators at all urban scales, as 
well as their political constituents and stakeholders, need decision support tools that illustrate 
the flood protection and cultural heritage implications of urban morphology type so relevant 
land use, conservation areas decisions. 
 
This research chapter focuses on the presents and ideal tools or integrated with spatial 
information for support decision maker on urban flood and cultural heritage sites in the 
previous chapters. This integrated urban flood risk and cultural heritage sites to evaluate the 
relative urban morphology classification benefits of alternative development approaches in 
urban ranging from the building scale to the local neighbourhood to urban settlement level. It 
summarizes the relationship between morphology and flood risk, particularly in the flood 
mitigation arena and to presents a framework that illustrate how integrated tools are already 
being proposed in Ayutthaya Historical City (AHC) as part of the urban planning and urban 
design process. This chapter shall present an idea to overcome investigate safety and security 
of their local areas, and draw up the results in to map for decision making sharing of 
information, transfer of powerful experience and architectural design measures to live safely 
from the current to the future. 
 
81 
 
In this chapter decision making step show in step 3: develop and apply the tool to select a 
preferred alternative and check the answer to make sure it solves the problem. 
 
Figure 7.1 Decision Making Step in Step 3 [Source: Author, 2013]. 
 
7.1 INTEGRATION WITH SPATIAL INFORMATION FOR SUPPORT 
DECISION MAKERS ON CULTURAL HERITAGE DISTRIBUTIONS 
 
In this part, present system to classify urban and neighbourhood scale. The urban scale 
classification of characteristic urban morphology types based on GIS, for neighborhood scale 
an experimental system: the computer-assisted to protect cultural heritage (PCH) from the 
flood risk, develop of plug-in tool for protect cultural heritage from the flood risk in chapter 6 
and to establish of plug-in tool for the integration of spatial information data from urban 
morphology. 
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Figure 7.2 Improve Awareness and Communications by Integrated Assessment to Support 
Urban and Local Neighborhood scales for Decision Making [Source: Author, 2013]. 
 
 
 
Figure 7.3 Integration spatial Information for Support Decision Making. [Source: Author, 
2013]. 
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7.2 HIERARCHICAL FOR PROTECT CULTURAL HERITAGE FROM 
FLOOD RISK 
 
Characteristic of urban morphology types, it is important to assess the damages of cultural 
heritage in terms of environmental damage, external damage and internal damage. The levels 
of damage; high risk, medium risk and low risk respectively, are also assigned.   
 
Urban morphology factors; (a) altitude or elevation (m) MSL, (b) drainage system & soil, (c) 
Density of resident, (d) Distance to main river (m), (e) Distance to hydrology (m), (f) Slope 
(degrees) and (g) Distance to road (m). These seven factors are employed as indicators for 
setting the priorities of vulnerability damage sites. 
 
 
Table 7.1 Initial Cluster Centers 
Initial Cluster Centers 
 Cluster 
1 2 3 4 5 6 
REGR factor score 1 for analysis 1  1.5613 -1.42349 0.725731 -1.35122 3.7063 2.26678 
REGR factor score 2 for analysis 2 2.74114 1.05186 -1.02699 -3.22952 -0.80152 6.28772 
 
Table 7.2 Initial History 
Initial Cluster Centers 
Iteration Change In Cluster Cluster 
1 2 3 4 5 6 
1  0.700 0.826 0.666 1.39 1.207 1.251 
2 0.658 0.046 0.036 0.368 0.467 0.377 
3 0.459 0.052 0.028 0.185 0.22 0.289 
4 0.301 0.065 0.007 0.100 0.113 0.288 
5 0.195 0.063 0.011 0.053 0.047 0.246 
6 0.111 0.055 0.019 0.029 0.016 0.070 
7 0.068 0.047 0.021 0.013 0 0.030 
8 0.044 0.036 0.022 0.009 0.008 0.026 
9 0.038 0.033 0.020 0.008 0.013 0.006 
10 0.032 0.029 0.018 0.007 0.014 0.019 
 
a. Iterations stopped because the maximum number of iterations was performed. Iterations 
failed to converge. The maximum absolute coordinate change for any center is .031. The 
current iteration is 10. The minimum distance between initial centers is 2.989. 
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Table 7.3 Final Cluster Centers 
Final Cluster Centers 
 Cluster 
1 2 3 4 5 6 
REGR factor score 1 for analysis 1  -0.53583 -0.59799 0.39881 -0.85364 2.02064 1.51776 
REGR factor score 2 for analysis 2 1.5159 0.25484 -0.46985 -1.22137 -0.16797 3.84271 
 
Table 7.4 The ANOVA Table Indicates which Variable Contribute 
ANOVA 
 Cluster 
Cluster Error F Sig 
Mean 
square 
df Mean 
square 
df 
REGR factor score 1 for analysis 1   3018.686 0.207 19034 14560 0 
REGR factor score 2 for analysis 2 3087.28 5 0.189 19034 16310 0 
 
The F tests should be used only for descriptive purposes because the clusters have been 
chosen to maximize the differences among cases in different clusters. The observed 
significance levels are not corrected for this and thus cannot be interpreted as tests of the 
hypothesis that the cluster means are equal. 
 
Table 7.5 Number of Cases in Each Cluster 
Number of cases in each Cluster 
Cluster 1 2620 
 2 5580 
 3 5704 
 4 2709 
 5 2177 
 6 250 
Valid  19040 
Missing  0 
 
Table 7.6 Number of Characteristic of Morphology Property Type. 
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In table 7.6 and figure 7.4, shown number of characteristic of morphology property types and 
cultural heritage sites in each cluster and found 6 clusters 19040 grids. In cluster 1 
characteristic of urban morphology type are 2620 grids and number of cultural heritage sites 
was registered of cultural heritage 71 sites and listed of cultural heritage 191 sites. In cluster 
2 characteristic of urban morphology type are 5580 grids and number of cultural heritage 
sites was registered of cultural heritage 30 sites and listed of cultural heritage 149 sites. In 
cluster 3 characteristic of urban morphology type are 5704 grids and number of cultural 
heritage sites was registered of cultural heritage 1 site and listed of cultural heritage 11 sites. 
In cluster 4 characteristic of urban morphology type are 2709 grids and number of cultural 
heritage sites was registered of cultural heritage 4 sites and listed of cultural heritage 20 sites. 
In cluster 5 characteristic of urban morphology type are 2177 grids and number of cultural 
heritage sites didn’t have register of cultural heritage sites and listed of cultural heritage 1 site. 
In cluster 6 characteristic of urban morphology type are 250 grids and number of cultural 
heritage sites was registered of cultural heritage 1 site and listed of cultural heritage 2 sites. 
 
 
Figure 7.4 Characteristic of Urban Morphology Property Type. [Source: Author, 2013]. 
 
The priority of PCH from flood risk found 4 hierarchical, Hierarchical 1 = Cluster 1 (60 
sites); High damage sites = 9 sites, Medium damage sites = 19   sites and Low damage sites = 
60 sites. Hierarchical 2 = Cluster 2 (22 sites); High damage sites = 3   sites, Medium damage 
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sites = 11   sites and Low damage sites = 8 sites. Hierarchical 3 = Cluster 3, 4 (2 sites) Low 
damage sites = 2 sites and Hierarchical 4 = Cluster 5, 6 respectively. The result of 
hierarchical can contribute to plan flood protection of cultural heritage sites and hierarchical 
conservation of cultural heritage. 
 
Figure 7.5 Characteristic of Urban Morphology Property types by Cluster. [Source: Author, 
2013]. 
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Table 7.7 Number of Cultural Heritage Damage Sites in Each Cluster. 
 
 
 
Figure 7.6 Characteristic of Morphology Property type and Damage Sites. [Source: Author, 
2013]. 
 
In table 7.7 and figure 7.6, shown number of cultural heritage damage sites in each cluster 
and found 4 clusters. In cluster 1 cultural heritage damage sites found high damage site was 9 
sites, medium damage site 19 sites and low damage site 32 sites. In cluster 2 cultural heritage 
damage sites found high damage site was 3 sites, medium damage site 111 sites and low 
damage site 8 sites. In cluster 3 cultural heritage damage sites found low damage site 1 site. 
In cluster 4 cultural heritage damage sites found low damage site 1 site. In cluster 5, 6 didn’t 
found cultural heritage damage sites. 
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 In this part to confirm PCH plug-in tool for support system and use to classify 
neighbourhood and building scale in each cluster of morphology property type based on GIS 
data based, the description water level, damage sites, space under building to allow water to 
flow through and number of floor (Figure 7.7-7.21). 
 
 
Figure 7.7 Implementation and recheck from PCH plug-in tool in Decision Making Step in 
Step 3 [Source: Author, 2013]. 
 
 
Figure 7.8 Characteristic of Morphology Property type Cluster 1. [Source: Author, 2013]. 
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Figure 7.9 Characteristic of Urban Morphology Type 1 (cluster 1) before use PCH plug-in 
tool [Source: Author, 2013]. 
 
Figure 7.10 Characteristic of Urban Morphology Type 1 (cluster 1) after use PCH Plug-in 
Tool [Source: Author, 2013]. 
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Figure 7.11 Characteristic of Urban Morphology Type 1 (cluster 1) Wat Phra Sri Sanphet 
[Source: Author, 2012]. 
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Figure 7.12 Characteristic of Urban Morphology Type 1 (cluster 1) Wat Mongkol Bhophit 
[Source: Author, 2012]. 
 
 
 
Figure 7.13 Investigate Safety in Neighborhood (cluster 1) After Use PCH Plug-in Tool 
[Source: Author, 2013]. 
 
Figure 7.14 Characteristic of Morphology Property type Cluster 2 [Source: Author, 2013]. 
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Figure 7.15 Characteristic of Morphology Property type Cluster 2. Wat Lokayasutharam, 
Wat Wora Chet [Source: Author, 2012]. 
 
 
Figure 7.16 Characteristic of Morphology Property type Cluster 3 [Source: Author, 2013]. 
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Figure 7.17 Characteristic of Morphology Property type Cluster 3, Wat Phraya Man [Source: 
Author, 2012]. 
 
 
Figure 7.18 Characteristic of Morphology Property type Cluster 4 [Source: Author, 2013]. 
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Figure 7.19 Characteristic of Morphology Property type Cluster 4, Wat Jong Klom [Source: 
Author, 2012]. 
 
7.3 THE INVESTIGATE OF SAFETY AND SECURITY OF THEIR 
LOCAL AREAS 
The investigate safety and security of their local areas in 2 scale for planning (urban scale and 
neighbourhood scale). Urban scale; land use planning (flood zone), historical zone, 
evacuation planning, flood storage: reservoirs, lake, location of flood defences and sand bags. 
Local neighbourhood; land use planning(flood zone), safe area, community measure, flood 
conveyance, flood defences (local earth banks), wetland and environmental buffers and 
building design measures and Building design measures; elevated construction, flood guards 
over the doors, water resistant materials and area for preparing the boat during a flood and 
safe havens, bedroom at upper floor above flood level. 
 
 
 
 
 
 
 
 
 
 
 
 
 
95 
 
Table 7.8 The Investigate Safety and Security of their Local Areas in 2 Scale for Planning. 
Urban Scale Local Neighborhood Scale 
Scenario for Urban Scale Scenario for Neighborhood scale 
-Land use planning(Flood zones) -Land use planning (Flood zones) 
-Land use planning(Historical zone) -Safe areas 
-Flood storage: reservoirs, lakes -Community measures 
-Flood defences: location -Flood conveyance 
-flood defences: sandbags, etc. -Flood defences: local earth banks 
 -Wetland and environmental buffers 
 Architecture design measures 
 -Elevated construction 
 -Flood guards over doors 
 -Water resistant materials 
 -Area for preparing the boat during a 
flood 
 Safe Havens: Bedroom at upper floor 
above flood level 
 
Table 7.9 Scenario of Investigate Safety and Security before and after 
Local Neighborhood Scale 
Scenario for Neighborhood scale 
(Before) 
Scenario for Neighborhood scale 
(After) 
-Land use planning  -Characteristics of urban morphology 
type 
-Safe areas -Safe areas 
-Community measures -Community measures 
-Flood conveyance -Flood conveyance 
-Flood defences: local earth banks -Flood defences: local earth banks 
-Wetland and environmental buffers -Wetland and environmental buffers 
  
Architecture design measures Architecture design measures: 
-Elevated construction -Elevated construction 
-Flood guards over doors -Flood guards over doors 
-Water resistant materials -Water resistant materials 
-Area for preparing the boat during a 
flood 
-Area for preparing the boat during a 
flood 
  
 Safe Havens: 
Bedroom at upper floor above flood 
level 
 
7.4 ENCOURAGE GREATER INTEREST IN LOCAL SAFETY AND 
SECURITY, SHARING OF INFORMATION 
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Integrated flood risk management also includes the recognition that flood risk can never be 
entirely eliminated and that resilience to flood risk can include enhancing the capacity of 
people and communities to adapt to and cope with flooding. The analysis in prioritization of 
flood protection of cultural heritage sites and conservation sites should also be a part of the 
conservation process as information provision for the decision making conservation planning 
and flood protection for CHS in the future. The conservation and protection of the CHS will 
not be complete without the participation of the people. “The participation of community-
based” is also a part of the conservation of tangible and the sustainable future. However, the 
conservation of CHS policies should still focus on the cooperative tasks in order to enhance 
people's awareness of CHS preservation of common heritage. The policies should be 
effective but flexible enough to offer alternatives for the management of CHS and to 
encourage the local people to participate in the process 
 
7.4.1 ARCHITECTURAL FOR HIGHER SAFETY 
 
Architectural or building have importance for safety before and during flood. If local people 
feel safe from building, local people can join or have participation of cultural heritage sites 
for flood protection. The outcome it can get decision making for design in building scale. 
 
 
Figure 7.20 Building Before Design Measures [Source: Author, 2013]. 
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Figure 7.21 Building Before and After Design Measures [Source: Author, 2013]. 
 
 
Figure 7.22 Building Before and After Design Measures [Source: Author, 2013]. 
 
7.5 SUMMARY OF INTEGRATED ASSESSMENT TO SUPPORT 
FOR DECISION MAKING 
 
Characteristic of urban morphology types, it is important to assess the damages of cultural 
heritage sites in terms of environmental damage, external damage and internal damage. The 
levels of damage; high risk, medium risk and low risk respectively, are also assigned. 
 
The priority of cultural heritage sites from flood protection : Hierarchical  1  =  Cluster 1 (60 
sites), Hierarchical  2  =  Cluster 2 (22 sites) and Hierarchical  3  =  Cluster 3,4 (2 sites) 
respectively. 
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The investigate safety and security of their local areas for two scale (urban and local 
neighbourhood). Difference urban morphology types and neighbourhood is difference for the 
investigation safety and security of local areas 
 
Contributions in this chapter, to encourage greater interest in local safety and security, as well 
as sharing of information and to investigate the safety and security of their local areas, spatial 
information for support decision makers on cultural heritage distributions and hierarchical for 
cultural heritage conservation and management.  
 
In this chapter decision making step show in step 3: develop and apply the tool to select a 
preferred alternative and check the answer to make sure it solves the problem. In this step 
need to improve the results from PCH plug in tool by cluster or neighbourhood. After result 
outcomes 4 cluster of urban morphology types and neighbourhood can select case study for 
applicability of PCH plug in tool for support decision makers or user of plug in tool 
(university students) by training to use this plug in tool in chapter 8. 
 
 
Figure 7.23 Summary Decision Making Step in Step 3 [Source: Author, 2013]. 
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CHAPTER 8 
APPLICABILITY OF PLUG IN TOOL FOR SUPPORT  
DECISION MAKERS TO PROTECT CULTURAL HERITAGE  
FROM THE FLOOD RISK 
 
This chapter is focused on applicability of plug in tool for support decision makers to protect 
cultural heritage (PCH) from the flood risk. These range in neighbourhood scale to building 
scale and its impact on the city settlement. The data needs, process understanding from the 
protection of the inhabitants. Such basic work ought to be accompanied by more genuinely 
applied research. Here again encountered the need for the development of plug-in tool for 
support decision making. Once the neighbourhood has managed to convince a planner of the 
need to consider assessing the flood risk and cultural heritage, there must be set of 
architecture design measures for flood risk area. These should probably include decision 
making process. The decision making step can develop and apply the PCH tool to support 
and select a preferred alternative and recheck the answer to make sure it solves the problem 
of flood risk and cultural heritage sites. This process should include linkage decision making 
in urban scale and neighbourhood scale to real concerns of planning 
 
 
Figure 8.1 Decision Making Step 3 [Source: Author, 2013]. 
 
In case of urban flood, cultural heritage sites would suffer immense damage. For that reason, 
urban planners, urban designers, architects and engineers has given a priority to the 
improvement of these areas for planning and applicability of plug in tool to protect cultural 
heritage from flood risk to make sure it solves the problem. 
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One method for applicability of plug in tool called “Training” has attracted a great deal of 
attention in flood areas. A typical training is summarized as follows. (i) Understanding; The 
decision makers or users understand and confirms the existence of the problems for flood risk 
in the area. (ii) Summarization; Based on the “Understanding”, the decision makers or users 
summarize the problems for the flood risk in the area. (iii) Applicability for planning; The 
decision makers discuss the measures to solve the disaster mitigation problems of the area 
clarified by Summarization. And, the decision makers or users summarize the measures 
through cooperative decision making in local neighbourhood scale and in building scale. 
Especially in part (iii) protect cultural heritage from flood risk. If there were a plug in tool 
that could offer the residents, to protect cultural heritage (PCH) from flood risk  “the result of 
3D flood protection applied to explain the result or design details in language which is easily 
understood by decision makers or users applied to the improved circumstances. The 
outcomes from PCH plug in tool can contribute decision making in neighbourhood scale and 
in building scale. The system would be effective in decision making in group discussions of 
the training. 
 
As a property of this plug in tool, BEFORE and AFTER use the PCH plug in tool training. 
Based on its potential have set up the following hypotheses. (I) Decision makers or users of 
plug in tool with experience of using the SketchUp program BEFORE the training 
(University Students, Computer Aided Design and Construction Management Program, King 
Mongkut’s University of Technology North Bangkok) would effectively use the plug in tool 
DURING the training. Because of this, there is some possibility of substantial planning. (II) 
If the decision makers or users use plug in tool AFTER the training, it would be possible to 
consider the measures. Using these considerations, there could be a possibility of planning 
more effective measures. 
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Figure 8.2 Applicability of PCH Plug in Tool by University Students [Source: Author, 2013]. 
 
8.1  SAMPLE AND PROCEDURES  
 
The questionnaire was developed for study by use the PCH plug in tool training and 
applicability of PCH plug in tool by university student years 3
rd 
have SketchUp skill for used, 
Computer Aided Design and Construction Management Program, King Mongkut’s 
University of Technology North Bangkok. This study attempts to quantify and level of results 
to applicability of plug in tool for support decision makers to protect cultural heritage from 
the flood risk.  
Table 8.1 The University Students in Class, Frequency and Percentage 
University Students 
3
rd
 years 
Sample size 
(n=30) 
 Frequency Percentage 
Gender   
Male 18.00 60% 
Female 12.00 40% 
Total 30.00 100% 
Age   
20
th
  6.00 20% 
21
st
  24.00 80% 
Total 30.00 100% 
Religious   
Buddhist 30.00 100% 
Christ 0.00 0% 
Islamic 0.00 0% 
Other 0.00 0% 
Total 30.00 100% 
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The final sample consisted of 30 respondents who were training in January 2014(shown in 
Table 8.1). Sixty percentage of the respondents were men (n=18) and 40% were women 
(n=12). Eighty percentage of age the respondents were 21
st
 (n=24) and 20% were 20
th
 (n=6). 
One hundred percentage of the respondents were Buddhist (n=30). 
 
8.2 EXPERIMENTATION OUTLINE 
 
In this part, explains the outline of experimentation for the verification of the hypotheses 1 to 
4 (in chapter 1) using for protect cultural heritage (PCH) from the flood risk plug in tool. One 
experiment was carried out for verification of the hypotheses; urban morphology type 1 
(cluster1: Wat Phra Sri Sanphet). In this part, explains the outline of experimentation for the 
verification of the hypotheses 1 to 4 (in chapter 1) using for protect cultural heritage (PCH) 
from the flood risk plug in tool. 
 
One experiment was carried out for verification of the hypotheses; Urban morphology type 1 
(cluster 1: Wat Phra Sri Sanphet): Didn't use PCH plug in tool or "BEFORE" use and use 
PCH plug in tool "AFTER the training" 
 
 
 
Figure 8.3 Urban Morphology Type 1 (Cluster 1: Wat Phra Sri Sanphet) Neighbourhood 
Scale [Source: Author, 2013]. 
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This neighbourhood for the experimentation were Wat Phra Sri Sanphet and Wat Mongkol 
Bophit, located in Ayutthaya historical park of Ayutthaya Province, Thailand. Both cultural 
heritage sites have effect from flood and high damage sites, in case of disasters such as flood 
(see in Figure 8.3). Because of this, protect cultural heritage from flood risk by the Central, 
Local Governments and Fine art department is in progress in neighbourhood.  
 
a) Experimentation Outline and Step for Training  
Urban Morphology Type 1 (Cluster 1: Wat Phra Sri Sanphet) The outline of the 
experimentation at Wat Phra Sri Sanphet neighbourhood is as shown below; did not use 
PCH plug in tool, Step 1: BEFORE the training, for information about neighbourhood scale 
and building scale, didn’t use PCH plug in tool. Step 2: for information about the 
characteristic of urban morphology, priority of protect cultural heritage from flood risk. Use 
PCH plug in tool, Step 1: for educating on use of the PCH plug in tool. Step 2: AFTER the 
training, in order to improve their skills. Step 3: data of the created improvement draft plan 
were collected data about the plug in tool use, and the usefulness of plug in tool and the 
information provided based on previous results. The water level of flood and the 
improvement result data. Step-4: AFTER the training, the test to use and investigation the 
PCH plug in tool by questionnaire, they liked to deliberate on PCH plug in tool improvement 
options putting into consideration the contents of the training discussion.  
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Figure 8.4 Experimentation Outline and Collected Data [Source: Author, 2013]. 
 
8.3 EXPERIMENTATION DETAILS AND RESULTS ANALYSIS 
 
8.3.1 RESULTS OF PLUG IN TOOL USE BEFORE THE TRAINING 
 
a) THE EXAMINATION OF PLUG IN TOOL OPERATION SKILL AND 
QUESTIONNAIRE 
The information about neighbourhood scale and building scale, didn’t use PCH plug in tool 
were examined BEFORE the training (Step 1- Step 2), the level of results can support 
decision making to protect cultural heritage from the flood risk. The results of this 
questionnaire test are shown on Figure 8.5 -8.6. From these results it is confirmed that most 
of the skill to operate if didn’t use plug in tool BEFORE the training. 
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Figure 8.5 Examined BEFORE the Training [Source: Author, 2014]. 
 
b) LOCAL NEIGHBOURHOOD SCALE 
 
The results didn’t use PCH plug in tool in Local neighbourhood scale, level of support 
decision making to protect cultural heritage from decision makers have level (1) meaning 
least to moderate (3). The results of this questionnaire test are shown on Figure 8.6 
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Figure 8.6 Experimentation of Neighbourhood Scale (didn’t use PCH Plug in Tool) were 
Examined BEFORE the Training [Source: Author, 2014]. 
 
c) BUILDING SCALE 
 
The results didn’t use PCH plug in tool in Building scale, level of support decision making to 
protect cultural heritage from decision makers have level (0) meaning cannot support 
decision making to protect cultural heritage from flood risk to low (2).  The results of this 
questionnaire test are shown on Figure 8.7 
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Figure 8.7 Experimentation of Building Scale (didn’t use PCH Plug in Tool) were Examined 
BEFORE the Training [Source: Author, 2014]. 
 
8.3.2 RESULTS OF PLUG IN TOOL USE AFTER THE TRAINING 
 
a) THE EXAMINATION OF PLUG IN TOOL OPERATION SKILL AND 
QUESTIONNAIRE 
The information about neighbourhood scale and building scale, use PCH plug in tool were 
examined AFTER the training (Step 1- Step 4), the rank of results can support decision 
making to protect cultural heritage from flood risk. The results of this questionnaire test are 
shown on Figure 8.8-8.10. 
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Figure 8.8 Examined AFTER the Training [Source: Author, 2014]. 
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b) LOCAL NEIGHBOURHOOD SCALE 
 
The results from PCH plug in tool in Local neighbourhood scale, level of support decision 
making to protect cultural heritage from decision makers have level (3) meaning moderate to 
the most (5). The results of this questionnaire test are shown on Figure 8.9 
 
 
 
Figure 8.9 Experimentation of Neighbourhood Scale use PCH Plug in Tool were Examined 
AFTER the Training [Source: Author, 2014]. 
 
c) BUILDING SCALE 
 
The results from PCH plug in tool in Building scale, level of support decision making to 
protect cultural heritage from decision makers have level (3) meaning moderate to the most 
(5). The results of this questionnaire test are shown on Figure 8.10 
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Figure 8.10 Experimentation of Building Scale use PCH Plug in Tool were Examined 
AFTER the Training [Source: Author, 2014]. 
 
8.3.3  RESULTS OF PLUG IN TOOL USE BEFORE AND AFTER THE 
TRAINING 
 
The results before and after use PCH plug in tool in neighbourhood scale, land use plan and 
characteristic of morphology type. Characteristic of morphology type can support decision 
making to protect cultural heritage from flood risk by decision makers have perception and 
increase more than use land use plan. The results of this questionnaire test are shown on 
Figure 8.11. 
 
Neighbourhood scale the results before and after use PCH plug in tool, safe areas, community 
measures, flood conveyance, flood defences, wetland and environment buffers. AFTER use 
PCH plug in tool can support decision making to protect cultural heritage from flood risk by 
decision makers have perception and increase more than BEFORE use plug in tool. The 
results of this questionnaire test are shown on Figure 8.11-8.20. 
 
Building scale the results before and after use PCH plug in tool, Architecture design 
measures: elevated construction, flood guards over the doors, water resistant materials and 
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bedroom at upper floor above flood level. AFTER use PCH plug in tool can support decision 
making to protect cultural heritage from flood risk by decision makers have perception and 
increase more than BEFORE use plug in tool. The results of this questionnaire test are shown 
on Figure 8.11-8.20. 
 
 
Figure 8.11 Experimentation of PCH plug in tool operation skill on Neighbourhood Scale, 
Land Use and Characteristic on urban morphology type [Source: Author, 2014]. 
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Figure 8.12 Experimentation of PCH plug in tool operation skill on Neighbourhood Scale, 
Safe Areas [Source: Author, 2014]. 
 
 
Figure 8.13 Experimentation of PCH plug in tool operation skill on Neighbourhood Scale, 
Community Measures [Source: Author, 2014]. 
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Figure 8.14 Experimentation of PCH plug in tool operation skill on Neighbourhood Scale, 
Flood Conveyance [Source: Author, 2014]. 
 
 
Figure 8.15 Experimentation of PCH plug in tool operation skill on Neighbourhood Scale, 
Flood Defences: Local Earth Banks [Source: Author, 2014]. 
 
114 
 
 
Figure 8.16 Experimentation of PCH plug in tool operation skill on Neighbourhood Scale, 
Wetland and Environment buffers [Source: Author, 2014]. 
 
 
Figure 8.17 Experimentation of PCH plug in tool operation skill on Building Scale, Elevated 
Construction [Source: Author, 2014]. 
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Figure 8.18 Experimentation of PCH plug in tool operation skill on Building Scale, Flood 
Guard [Source: Author, 2014]. 
 
 
Figure 8.19 Experimentation of PCH plug in tool operation skill on Building Scale, Water 
Resistant Materials [Source: Author, 2014]. 
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Figure 8.20 Experimentation of PCH plug in tool operation skill on Building Scale, Bedroom 
at Upper Floor above Level [Source: Author, 2014]. 
 
8.4 SUMMARY APPLICABILITY OF PCH PLUG IN TOOL 
 
In this chapter decision making step show in step 3: develop and apply the tool to select a 
preferred alternative and check the answer to make sure it solves the problem. This step need 
to applicability the decision making by decision makers or university students, before and 
after use PCH plug in tool and questionnaire. 
The results for applicability are successful can support decision making to protect cultural 
heritage from the flood risk by decision makers or university students have perception and 
increase more than didn't use plug in tool. The results can contribute decision making in 
neighbourhood scale and building scale for protect cultural heritage from flood risk. 
Suggestion from users training of PCH plug in tool should to have PCH manual in the future. 
Contributions in this chapter, to encourage training to use PCH plug in tool, greater interest in 
local safety and security, as well as sharing of information and to investigate the safety and 
security of their local areas, spatial information for support decision makers on cultural 
heritage distributions.  
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In this chapter decision making step show in step 3: can apply the plug in tool to select a 
preferred alternative and check the answer to make sure it solves the problem. In this step 
need to improve the results from PCH plug in tool by case study in neighborhood scale and 
building scale. After result outcomes can develop for applicability of PCH plug in tool for 
support decision makers or user of plug in tool in study areas by training to use this plug in 
tool to protect cultural heritage from the flood risk. 
 
Figure 8.21 Summary Decision Making Step in Step 3: Applicability of plug in tool [Source: 
Author, 2014]. 
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CHAPTER 9 
CONCLUSION AND RECOMMENDATIONS 
 
9.1 CONCLUSION 
 
This research is focused on urban flood risk and the urban cultural heritage to develop 
“Protect Cultural heritage” (PCH) from flood risk plug-in tool to support decision making. 
These range in neighbourhood scale to building scale and its impact on the city settlement. 
The data needs, process understanding from the protection of the inhabitants. Such basic 
work ought to be accompanied by more genuinely applied research. Here again encountered 
the need for the development of plug in tool for support decision making. Once the 
neighbourhood has managed to convince a planner of the need to consider assessing the flood 
risk and cultural heritage, there must be set of architecture design measures for flood risk area. 
These should probably include decision making process. The decision making step can 
develop and apply the PCH plug in tool to support and select a preferred alternative and 
recheck the answer to make sure it solves the problem of flood risk and cultural heritage. This 
process should include linkage decision making in urban scale and neighbourhood scale to 
real concerns of planning  
 
 
Figure 9.1 Decision Making Step [Source: Author, 2013]. 
 
9.1.1 SUMMARY  
 
This type of morphology classification could facilitate for: 
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• CHS of Ayutthaya consists of 3 different categories of the urban morphology types 
(UMT) characterization schemes. 
• UMT 2 is high vulnerability, UMT 3 is Medium Vulnerability and UMT 1 is low 
vulnerability. 
• Found 84 CHS were assessed as damage; High risk 12 sites, Med Risk 30 sites and 
low risk 42 sites. 
• The perception with the urban flood disaster, found two zones that are most important 
to analyses participation of flood protection and perception of cultural heritage, zone 
3 the most likely perception is cultural heritage, relationship of local people in 
community and, followed by zone 5. 
• Community-based perceptions of flood protection, the most was city administrated, 
building owner, community people, province administration and residents within the 
community , respective  
• Community-based perceptions of cultural heritage, the most is canal, wall and gate, 
deserted pagoda, religious building, respective  
• Information was difficult to understand (2D information). They need to get support 
system  from 3D visual for flood protection and cultural heritage conservation and can 
select a decision making tool for support system 
 
Develop of plug in tool to protect cultural heritage “PCH” from the flood risk: 
This part were successful: 
-  Can develop code for protect Cultural Heritage from the Flood Risk plug-in tool in 
SketchUp. 
-  Can supports planner and designers in developing satisfactory design solutions. 
 
Some part need to develop: 
- To link in SketchUp and download plug-in tool for other researchers.  
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- PCH checklist interface could be made more dynamic and interesting. 
 
• Characteristic of urban morphology types, it is important to assess the damages of 
cultural heritage sites, found environmental damage, external damage and internal 
damage. The levels of damage; high risk, medium risk and low risk respectively, are 
also assigned.  
• The priority of cultural heritage sites from flood protection found : Hierarchical  1  = 
Cluster 1 (60 sites), Hierarchical  2  =  Cluster 2 (22 sites) and Hierarchical  3  = 
Cluster 3,4 (2 sites) respectively. 
• After applicability of plug in tool by training university students have perception and 
increase skill to use PCH plug in tool from the flood risk.  
• The results can contribute decision making in neighbourhood scale and building scale 
for protect cultural heritage from flood risk. 
 
9.1.2 CONTRIBUTIONS 
 
This type of morphology classification could facilitate for: 
• Policy options in difference morphology types would assist planners and policy 
makers in the task of larger-scale assessments and vulnerability level. 
• The relationships in activity and perception with the urban flood disaster most 
important to analyses participation of flood protection and perception of cultural 
heritage. 
• These results have important theoretical and management implications. Urban 
planners, Urban Designer, Architects and Engineers attempting to mitigate the impact 
of flood disaster on CHS can gain insights into the importance of the priorities of 
CHS conservation and renovation by develop plug in tool. 
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Develop of plug in tool to protect cultural heritage “PCH” from the flood risk: 
• The feasibility of local people and decision makers be discussed in more detail before 
investments and complicated for flood risk and cultural heritage planning. 
• To encourage greater interest in local safety and security, as well as sharing of 
information and to investigate the safety and security of their local areas. 
• Spatial Information for support decision makers on cultural heritage distributions and 
hierarchical for cultural heritage conservation and management.  
 
9.2 RECOMMENDATIONS 
 
• Integrated urban flood risk also includes the recognition that flood risk can never be 
entirely eliminated and that resilience to flood risk can include enhancing the capacity 
of people and communities to adapt to and cope with flooding.  
• The analysis in prioritization of flood protection of cultural heritage sites and 
conservation sites should also be a part of the conservation process as information 
provision for the decision making conservation planning and flood protection for CHS 
in the future.  
• The conservation and protection of the CHS will not be complete without the 
participation of the people. “The participation of community-based” is also a part of 
the conservation of tangible and the sustainable future. However, the conservation of 
CHS policies should still focus on the cooperative tasks in order to enhance people's 
awareness of CHS preservation of common heritage. The policies should be effective 
but flexible enough to offer alternatives for the management of CHS and to encourage 
the local people to participate in the process. 
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Develop plug in tool to protect cultural heritage (PCH) from the flood risk. 
• To decrease communication gaps, specialist and decision makers need to explain the 
result or design details in language for 3D which is easily understood by local people, 
local government. 
• Can contribute: Decision making in neighbourhood scale, building scale support 
designer to architecture design measures for flood areas and transfer of powerful 
experience to local people or decision maker in neighbourhood.  
 
 
Figure 9.2 Conceptual Framework to Protect Cultural Heritage from Flood Risk [Source: 
Author, 2013]. 
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Figure 9.3 The Participation of Community based 
[Source: http://unfccecosingapore.wordpress.com, 2013]. 
 
9.3 FURTHER STUDY 
 
The results are consistent with those previous research assessing flood impact of CHS (Risk 
layer). 
Furthermore, the cultural heritage values (Value layer). These two factors are employed as 
indicators for setting the priorities of historic sites conservation. 
 
Figure 9.4 The Priority of Historic Sites Conservation [Source: Author, 2013]. 
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Development of PCH plug in tool 
• Develop the data in another neighbourhood 
 
Figure 9.5 Develop the Data in Another Neighbourhood to Link Urban Scale [Source: 
Author, 2013]. 
 
• Neighborhood data 
- Cultural heritage value data 
- 3D building data in neighborhood scale 
- 3D building of Historical sites or Cultural heritage sites. 
• Building data   
- 3D building data in building scale 
- Number of floor 
- Building height 
- Materials 
- Etc. 
-  
Development of social vulnerability database 
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APPENDIX A: THE QUESTIONNAIRE 
THE COMMUNITY-BASED PERCEPTIONS ON FLOOD 
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Appendix A: Community based perception on flood risk and cultural 
heritage protection, the participation between various sectors 
 
 
QUESTIONNAIRE 
....................……………………………………………….. 
This questionnaire is part of the thesis subject 
 
Development of the decision aiding plug in tool to protect cultural heritage from the 
flood risk. 
Department of Architecture and Civil Engineering, Graduate School of Science and Engineering. 
Saga University,  JAPAN 
 
The purpose of the questionnaire: 
To assess the community-based perceptions on flood risk and cultural heritage protection, the 
participation between various sectors 
 
Explanation 1 
       The ancient remains are divided as follows. 
1. A single building or buildings, including the components and devices that are 
valuable in the history of art, architecture, archeology, ethnology, social or academic. 
2. The building is a single building or location is connected together as well as all the 
surrounding areas of the architecture with the same content. Related area or location 
in which the value of art and architecture, archeology, history, ethnology, social or 
academic. 
3. Neighborhoods and historic district or a city of ancient evidences of the city. The 
walls of the moat or the architectural harmony with nature have continuity from the 
past to a time and have the same genetic variation is associated with lifestyle and 
social development in the local area, covering a wide range of groups. 
4. Archaeological evidence indicates that the sources of human action or human 
nature. Including underground and underwater archeology, art history is valuable in 
the ethnological or anthropological data, including the remains of buildings that are 
not clearly visible because there is no digging, excavation, or destroyed, painting, 
sculpture and works on a stone inscription or the natural cave habitat elements such 
as archeology. 
Zone……../....... 
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5. Historic this is the area or other relevant sources have been discussed or referred 
to by documents in the history of the Church is a term with an emphasis on the social 
history or ethnology. 
6. The historic landscape area or location that contains physical evidence indicating the 
existence of man. Due to the connection of past to present, which stand to support the 
understanding and appreciation of the environment is stable, reflecting the tastes of 
the technology needs of a particular area or region of the source. The historic gardens 
are included. The creative work of art with the use of vegetation to the area just to the 
building and fencing materials, including the street pattern, the ground-air public 
service and so on. 
 
Please mark O the options page, or fill in the blanks. 
Part 1:  Personal information. 
1.1 Gender  1) Male   2) Female. 
1.2 Age  1) less than  20 years  2) 21 - 30 years  3) 31 - 40 years   
 4) 41 - 50 years       5) 51 - 60 years   6) more than 60 years. 
1.3 Religious  1) Buddhist  2) Christ. 
3) Islamic 4) Other (please specify) ..................................... 
1.4 Status 1) Single   2) married. 
3) Widower 4) Other (please specify) ..................................... 
1.5 Education  1) Less than primary  2) Primary              3) High School. 
   4) Diploma               5) undergraduate   6) graduate. 
7) Ph.D.                      8) Other (please specify) .................................. 
1.6 Monthly income of about  
          1) Less than 6,000 baht  2) 6,000 - 10,000 baht  3) 10,001 - 20,000 baht 
          4) 20,001 - 30,000 baht 5) 30,001 - 40,000 baht 6), more than 40,000 baht 
1.7 Occupations 
   1) Officers    2) employees   3) Housewife. 
4) Employed 5) retirees. 
  6) Trade (please specify) ......................................... ....................... 
7) Business owners. (Please specify) ............................................. ..... 
8) Other (please specify) ......................................... ............................. 
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1.8 Period of living in this community. 
   1) Less than 5 years  2) 5 - 10 years  3) 11 - 20 years 
   4) 21 - 30 years  5) 31 - 40 years  6) 41 - 50 years 
7) 51 - 60 years  8) more than 60 years  
 
Part 2: Information about the community, and historic / urban cultural heritage. In 
communities where you live. (Can choose more than one item). 
2.1 What is Historical /Urban cultural heritage in your community that remainder.  
(Can choose more than one items). 
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               
1) The oldest religious building (please specify) …………………………… 
2) The deserted / abandoned tower (please specify) ......................................... 
3) Moat walls, gates, etc. (please specify) ......................................................... 
4) Historical (please specify) ....................................... 
5) Landscape and places of worship (please specify) ..................................... 
6) Other (please specify) ......................................... ........................................ 
 
2.2 The relationship of the people in your community. Are related in any way.  
(Choose more than one item). 
1) the relative          2) known to the whole community. 
3) a venerable senior          4) the faith community leaders. 
5) respect the religious leaders believe 6) did not correlate well. 
7) Other (please specify) ......................................... .................... 
 
Part 3: The community participation in planning, management and flood protection of 
historic /urban cultural heritage. 
3.1 Those who took part in the implementation of activities related to planning, management 
and flood protection of historic / urban cultural heritage of any group. (Choose more than one 
items). 
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1) Building owner               2) Building users. 
3) Community people         4) Community committee. 
5) Religious leaders ............................................. ....................................... 
6) Residents with the community.(Please specify) .......................................... 
7) The residents within the community. 
8) Schools teachers  (Please specify ) ...................................... 
9) Fund / Foundation / group (please specify) ................................... 
10) Fund / Foundation / group / club / community projects. (Please specify) ................ 
11) Private sector. (Please specify the type of business) ............................................... 
12) Academic institution. (Please specify the name of the institution) ........................... 
13) Mass media (at a medium) ........................................ ........... 
14) City Administration ....................................... ........... 
15) Province  administration ........................................................................... 
16) Central government 
17) Fine Arts Department office 
18) Park North Historic District, Ayutthaya. 
19) Other (please specify) ......................................... 
 
Explanation 2 
Participation means the involvement of persons involved in management. Flood Protection 
and restoration of historic monuments / Cultural heritage of communities such as monasteries 
deserted pagoda temple, pagoda, etc. is in your community the criteria are as follows. 
5 means to the most  2 means to the few 
4 means to the abundantly 1 means to the least 
3 means to the medium 0 means do not participate. 
 3.2 You are involved in planning, management, flood protection of historic / cultural 
heritage. In your community in the following procedure any level. 
By mark  in the box that you think is best for all travel. 
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The participation The 
most  
(5) 
Very 
 (4) 
Moderate 
(3) 
Low  
(2) 
Least  
(1) 
Not 
(0) 
1) You are participation in providing 
information with any problems. 
 
1.1) To provide information about historic 
and cultural heritage 
      
1.2) To analyze the issues and problems.       
1.3) Facilitates the search problem.       
2) Are you participation in any plan.  
2.1) To comment on the plan.       
2.2) Prepare a plan.       
2.3) Coordination with other agencies 
involved. 
      
2.4) To facilitate planning.       
3) You are participation in the decision 
to work together any level. 
 
3.1) To solve the problem.       
3.2) The project plans or flood 
management activities, historical sites. / 
Cultural heritage of the communities in 
which you live. 
      
3.3) The person on the job.       
3.4) The regulation of activity.       
4) You have participation to work together 
on any level. 
 
 4.1) The work plan.       
 4.2) To persuade others to join the 
operation. 
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The participation The 
most 
(5) 
Very 
(4) 
Moderate 
(3) 
Low 
(2) 
Least 
(1) 
Not 
(0) 
 4.3) Coordination with other agencies 
involved. 
      
5) You are participation in the evaluation 
of any level. 
 
5.1) To evaluate activities.       
5.2) To track and find ways to improve 
operations. 
      
5.3) To facilitate and support.       
5.4) Controls the operation.       
 
3.3 If you are participation in dealing with the flood of historic / cultural heritage of 
your community in the following points in any. 
By mark  in the box that you think is best for all travel. 
The participation The 
most 
(5) 
Very 
(4) 
Moderate 
(3) 
Low 
(2) 
Least 
(1) 
Not 
(0) 
1) You are participation in the activities of 
the government project in any state. 
 
1.1) The physical       
1.1.1) The maintenance of historical / cultural 
heritage of the community. 
      
1.1.2) To maintain a clean, tidy and other 
historic / cultural heritage of the community. 
      
1.1.3) To create access to historic / cultural 
heritage of the community such as roads, 
footpaths etc. 
      
1.1.4) To build infrastructure in the historic / 
cultural heritage of the community 
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The participation  
The 
most 
(5) 
 
Very 
(4) 
 
Moderate 
(3) 
 
Low 
(2) 
 
Least 
(1) 
 
Not 
(0) 
1.1.5) The construction of facilities for 
tourists in the historical / cultural heritage of 
the community information center, etc. 
      
1.1.6) To create meaning in the historical / 
cultural heritage of the community, such as 
signs, etc. 
      
1.1.7) To create a flood of historic / cultural 
heritage. 
      
1.2) In education and skills training.  
1.2.1) The transfer of awareness and 
awareness of cultural heritage in school 
curricula. 
      
1.2.2) Skills training for work in the arts such 
as architecture, carpentry and mason repair, 
restoration, etc. to the community. 
      
1.2.3) To survey and prepare a register of 
historic resources / cultural heritage by the 
government. 
      
1.3) A mutual agreement.  
1.3.1) The comment on policies, plans and 
laws on historic preservation, restoration and 
flood protection /Cultural heritage in the 
community. 
      
2) You are participation in the activities of 
the community project in any state. 
 
2.1) The physical  
2.1.1) The maintenance of historical / cultural 
heritage of the community. 
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The participation. The 
most 
(5) 
Very 
(4) 
Moderate 
(3) 
Low 
(2) 
Least 
(1) 
Not 
(0) 
2.1.2) To maintain a clean, tidy and other 
historic / cultural heritage of the community. 
      
2.1.3) To create access to historic / cultural 
heritage of the community such as roads, etc.  
      
2.1.4) The transfer of awareness and 
awareness of cultural heritage in school 
curricula. 
      
2.1.5) The construction of facilities for 
tourists in the historical / cultural heritage of 
the community information center, etc. 
      
2.1.6) To create meaning in the historical / 
cultural heritage of the community, such as 
signs, etc. 
      
2.1.7) To create a flood of historic / cultural 
heritage. 
      
2.2) In education and skills training.  
2.2.1) To perform and learn knowledge about 
the environment and raise awareness of 
historic value/Cultural heritage of the people 
in the community. 
      
2.2.2) Skills training for work in the arts such 
as architecture, carpentry and mason repair, 
restoration, etc. to the community. 
      
2.2.3) Study and research on the cultural 
heritage of the community outside of the 
school curriculum. 
      
2.3) A mutual agreement.  
2.3.1) The comment on policies, plans and 
laws on historic preservation, restoration and 
flood protection /Cultural heritage in the 
community. 
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The participation 
The 
most 
(5) 
Very 
(4) 
Moderate 
(3) 
Low 
(2) 
Least 
(1) 
Not 
(0) 
2.3.2) The establishment and operation of the 
learning centers in communities with historic 
preservation and restoration/ Cultural 
heritage of the community. 
      
3) You are participation in the activities of 
the Private sector project in any state. 
 
3.1) The physical  
3.1.1) The maintenance of historical / cultural 
heritage of the community. 
      
3.1.2) To maintain a clean, tidy and other 
historic / cultural heritage of the community. 
      
3.1.3) To create access to historic / cultural 
heritage of the community such as roads, 
footpaths etc. 
      
3.1.4) The transfer of awareness and 
awareness of cultural heritage in school 
curricula. 
      
3.1.5) The construction of facilities for 
tourists in the historical / cultural heritage of 
the community information center, etc. 
      
3.1.6) To create meaning in the historical / 
cultural heritage of the community, such as 
signs, etc. 
      
3.1.7) To create a flood of historic / cultural 
heritage. 
      
3.2 In education and skills training.  
3.2.1) To perform and learn knowledge about 
the environment and raise awareness of 
historic value/Cultural heritage of the people 
in the community. 
      
3.2.2) Skills training for work in the arts such 
as architecture, carpentry and mason repair, 
      
142 
 
restoration, etc. to the community.  
 
3.3) A mutual agreement.  
3.3.1) The comment on policies, plans and 
laws on historic preservation, restoration and 
flood protection /Cultural heritage in the 
community. 
      
3.3.2) The establishment and operation of the 
learning centers in communities with historic 
preservation and restoration/ Cultural 
heritage of the community. 
      
4) You are participation in the activities of 
the Academic institution project in any 
state. 
 
4.1) The physical  
4.1.1) The maintenance of historical / cultural 
heritage of the community. 
      
4.1.2) To maintain a clean, tidy and other 
historic / cultural heritage of the community. 
      
4.1.3) To create access to historic / cultural 
heritage of the community such as roads, 
footpaths etc. 
      
4.1.4) The transfer of awareness and 
awareness of cultural heritage in school 
curricula. 
      
4.1.5) The construction of facilities for 
tourists in the historical / cultural heritage of 
the community information center, etc. 
      
4.1.6) To create meaning in the historical / 
cultural heritage of the community. 
      
4.1.7) To create a flood of historic / cultural 
heritage. 
      
4.2) In education and skills training.  
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The participation The 
most 
(5) 
Very 
(4) 
Moderate 
(3) 
Low 
(2) 
Least 
(1) 
Not 
(0) 
4.2.1) To perform and learn knowledge about 
the environment and raise awareness of 
historic value/Cultural heritage of the people 
in the community. 
      
4.2.2) Skills training for work in the arts such 
as architecture, carpentry and mason repair, 
restoration, etc. to the community. 
      
4.3) A mutual agreement.  
4.3.1) The comment on policies, plans and 
laws on historic preservation, restoration and 
flood protection /Cultural heritage in the 
community. 
      
       
 
3.4 Have you ever attended a consultation in the planning and implementation activities 
on the flood of historic / cultural heritage of the community in the form of the following 
at any level. 
 
Forms of participation. The 
most 
(5) 
Very 
(4) 
Moderate 
(3) 
few 
(2) 
Least 
(1) 
Not 
(0) 
1) The consultations. Joint planning.  
- Contact with a retreat.       
- Meeting people in the community.       
- The board of directors.       
- A focus group.       
- A seminar / workshop.       
- Other (please specify) ........................       
2) The degree of co-operation.  
- The establishment of the coordinate.       
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Forms of participation. The 
most 
(5) 
Very 
(4) 
Moderate 
(3) 
few 
(2) 
Least 
(1) 
Not 
(0) 
- Activities. The cooperation of the 
public. 
      
- Other (please specify) ....................       
3) The monitoring.  
- The evaluation committee.       
- The public inquiry. The study of the 
public. 
      
- Other (please specify) ....................       
4) The degree of control by the people.  
- The agreement or rules of the 
community. 
      
- Other (please specify) ......................       
 
3.5 The reason that you took part in the planning, management and protection of 
historic flood / cultural heritage in your community (Choose more than one items). 
1) Respect for sacred beliefs. 
2) As part of the lifestyle. 
3) The relationship of kinship. 
4) And a member of the group with the same activity. 
5) Relations with neighbors and mutual assistance between people in the community. 
6) To preserve the genetic heritage of their ancestors. 
7) The total commitment of national and cultural heritage. 
8) With respect to a faith leader. (A leader) ............................... 
9) Respect. Faith leaders are not official. (A leader) .......................... 
10) To receive training on how to participate in the maintenance of flood protection of 
historic / cultural heritage. 
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11) Consciousness and awareness of the historical / cultural heritage. 
12) To get information from media such as television, etc. in detail as an incentive to 
participate in a historic flood. 
13) To obtain detailed information from the parties as an incentive to participate. 
14) Because of the economic benefits such as creating jobs income in the area. 
15) As the formal authority of the government officials, etc. 
16) The authority of the unofficial leader or a predominance. 
17) Due to their participation in the decision making role in conservation and the use of 
historic / cultural heritage. 
18) To attract tourists. 
19) For the restoration and dissemination of arts and culture community. 
20) Because of the plans and policies of the City of Ayutthaya city / local administration and 
Central Province. 
22) Other (please specify). 
 
Part 4: Recommendations regarding participation in the planning of historic flood and 
urban cultural heritage 
 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
Thank you very much for sacrificing your time to answer this questionnaire 
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APPENDIX B: FIELD SURVEY FORMS 
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Appendix B: The damage assessment of flooding in Ayutthaya historical 
site and the surrounding areas 
 
Field Survey forms:  
The damage assessment of flooding in Ayutthaya historical site and the surrounding 
areas  
Property identification 
 
 
 
 
 
 
 
 
 
Historical 
Name of historical: Registration 
Type  
(1) 
Non- 
Registration 
Type (2) 
Coordinate by GPS 
  X_mE Y_mE 
  
Address: 
Construction date: 
Use (residential, religious, civil,  other): 
 
 
Description (size, construction, materials, style if applicable, other): 
 
 
Name of the owner: 
Form filled out by: 
Date:                                                                                      Time: 
Photograph Numbers: 
 
 
 
 
 
Zone………./…
……. 
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Situation of surroundings?  
 
 Damaged    Untouched 
Sources of the information acquired: 
       Direct observation               Documents (manuals, pictures, emergency measures) 
       Local authorities                   Local people 
           Name: ……………………………………………………………………………………… 
           Address: …………………………………………………………………………………… 
 
Disaster Vulnerability Factors and the Damage assessment 
Date of Damage: Trace levels of water: 
Altitudes from sea level: The distance from the river: 
 
Type of damage: 
Environmental damage 
Measure and Sketch Damage areas Percentage 
Areas at risk from flooding  
 
 
 
  
Ground cracks  
 
 
 
  
Landscape damage  
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Type of damage: 
Environmental damage 
Measure and Sketch Damage areas Percentage 
Ground of the pit or subsidence  
 
 
 
  
Surface water flow paths  
 
 
 
  
Vulnerable communities and 
critical infrastructure 
 
 
 
 
  
 
 
Type of damage: External 
damage 
Measure and Sketch Damage areas Percentage 
Light dame (wall, decorative 
aspects) 
 
 
 
 
  
Structural damage  
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Impact (be specific)  
 
 
 
 
 
 
 
 
Type of damage: Internall 
damage 
Measure and Sketch Damage areas Percentage 
Interior of building affected 
(walls, decoration, ceilings) 
 
 
 
 
  
 
Impact (be specific)  
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Attention given to historical after damage: 
Entrances limited or closed? 
 
 
 
 
Danger notices posted on property? 
 
 
 
 
Obstacle to limit access? 
 
 
 
 
Emergency works (covering of roofs, shoring of walls and structures, transportation of 
salvaged objects)? 
 
 
 
 
Repairs and restoration works? 
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APPENDIX C: THE QUESTIONNAIRE 
TO APPLICABILITY OF PLUG-IN TOOL FOR SUPPORT 
DECISION MAKERS TO PROTECT CULTURAL HERITAGE 
FROM THE FLOOD RISK 
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Appendix C: Applicability of plug-in tool for support decision makers to 
protect cultural heritage from the flood risk 
 
 
....................……………………………………………….. 
This questionnaire is part of the thesis subject 
 
Development of the decision aiding plug in tool to protect cultural heritage from the 
flood risk 
Department of Architecture and Civil Engineering, Graduate School of Science and 
Engineering.   
Saga University,  JAPAN 
 
The purpose of the questionnaire: 
To applicability of plug-in tool for support decision makers to protect cultural heritage 
from flood risk 
 
Please mark   the options page, or fill in the blanks. 
Part 1: Personal information. 
1.1 Gender      Male              Female. 
1.2 Age   ………………. years 
1.3 Religious     Buddhist               Christ. 
Islamic                 Other (please specify) ................................. 
1.4 Education 
1
st
 year          2
nd
 years      3
rd
 years            4
th
 years 
 
No……../....... 
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Department…………………………………………………………………………. 
Faculty……………………………………………………………………………… 
University………………………………………………………………………….. 
 
Part 2: Information about neighborhood scale and building scale (didn't use plug in 
tool)  
(Please mark   in the box that you think it can support for decision aiding protect cultural 
heritage from flood. 
Decision support is Information for use in decision making in the planning, protection of 
cultural heritage or archaeological sites from flood risk, the criteria are as follows. 
5 means to the most   2 means to the low 
4 means to very   1 means to the least 
3 means to the moderate  0 means not. 
Local Neighborhood scale Can support decision making to protect 
cultural heritage from flood risk? 
1) Scenario for Neighborhood Scale (no use 
plug in) 
The most  
(5) 
Very 
 (4) 
Moderate 
(3) 
Low  
(2) 
Least  
(1) 
Not 
(0) 
1.1) Land use plan 
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1) Scenario for Neighborhood Scale (no use 
plug in) 
The most  
(5) 
Very 
 (4) 
Moderate 
(3) 
Low  
(2) 
Least  
(1) 
Not 
(0) 
 
 
1.2) Safe areas       
1.3) Community measures       
1.4) Flood conveyance       
1.5) Flood Defences: local earth banks       
1.6) Wetland and environment buffers       
2) Scenario for Building scale (no use plug in) The most  
(5) 
Very 
 (4) 
Moderate 
(3) 
Low  
(2) 
Least 
(1) 
Not 
(0) 
Architecture Design measures: 
  
2.1) Elevated construction       
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2.2) Flood guards over the doors       
2.3) Water resistant materials       
Safe Havens:  
 2.4) Bedroom at upper floor above flood level       
 
Part 3: Information about neighborhood scale and building scale (used protect cultural 
heritage (PCH) plug in tool) (Please mark   in the box that you think it can support for 
decision aiding protect cultural heritage from flood. 
 
Characteristic of urban morphology factors: (a) altitude or elevation (m) MSL, (b) 
drainage system & soil, (c) Density of resident, (d) Distance to main river (m), (e) Distance to 
hydrology (m), (f) Slope (degrees) and (g) Distance to road (m). These seven factors are 
employed as indicators for setting the priorities of vulnerability damage sites, found 6 
characteristic of urban morphology types. 
 
Priority of protect cultural heritage sites from flood risk. 
Hierarchical 1 = Cluster 1 (60 sites) High damage sites = 9 sites, Medium damage sites = 19   
sites and Low damage sites = 32 sites. 
 
Hierarchical 2 = Cluster 2 (22 sites) High damage sites = 3 sites, Medium damage sites = 11   
sites and Low damage sites = 8 sites. 
 
Hierarchical 3 = Cluster 3, 4 (2 sites) Low damage sites = 2 sites respectively. 
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Local Neighborhood scale Can support decision making to protect 
cultural heritage from flood risk? 
1) Scenario for Neighborhood Scale  
(After used PCH plug in tool) 
The most  
(5) 
Very 
 (4) 
Moderate 
(3) 
Low  
(2) 
Least  
(1) 
Not 
(0) 
1.1) Characteristics of morphology type 
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Can support decision making to protect 
cultural heritage from flood risk? 
Scenario for Neighborhood Scale  
(After used PCH plug in tool) 
The most 
(5) 
Very 
(4) 
Moderate 
(3) 
Low 
(2) 
Least 
(1) 
Not 
(0) 
1.2) Safe areas       
1.3) Community measures       
1.4) Flood conveyance       
1.5) Flood defences: local earth banks       
1.6) Wetland and environment buffers       
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2) Scenario for Building scale  
(After used PCH plug in tool) 
The most 
(5) 
Very 
(4) 
Moderate 
(3) 
Low 
(2) 
Least 
(1) 
Not 
(0) 
Architecture Design measures: 
 
 
2.1) Elevated construction       
2.2) Flood guards over the doors       
2.3) Water resistant materials       
Safe Havens:  
 2.4) Bedroom at upper floor above flood level       
 
Part 4: Recommendations regarding development of plug-in tool for support decision 
makers to protect cultural heritage from flood risk. 
………………………………………………………………………………………………………………………………… 
……………………………………………………………………………………………………..………………………….. 
…………………………………………………………………………………………………..……………………………. 
…………………………………………………………………………………………………………………………………. 
………………………………………………………………………………………………………………………………… 
……………………………………………………………………………………………………..…………………………. 
…………………………………………………………………………………………………..……………………………. 
Thank you very much for sacrificing your time to answer this questionnaire
  
